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ALTERNATING TRANSFORMERS. 


Mr. SwWINBURNE’S paper, read at the Institution of Elec- 
trical Engineers, the discussion thereon, and the papers at 
recent meetings of the Physical Society, show clearly that 
the phenomena produced by alternating currents are by no 
means well understood. Unfortunately, the Physical Society 
conducts its affairs in ways that are dark, and it is impossible 
to obtain at its meetings, as at other places of entertainment, 
a book of the words or a list of the mathematical expressions 
with which the authors captivate their hearers. The reason, 
we are given to understand, is that members, from the Pre- 
sident downwards, read their papers before they are written, 
or, in less paradoxical language, the papers are read from a 
collection of rough notes, which the reader often manages to get 
into a tangle before the finish, and which have to be licked 
into some sort of arrangement afterwards before they are fit 
for printing. But both at the Institution of Electrical 
Engineers, where a copy of the paper is procurable, and at 
the Physical Society, where it is not, the same subject has 
been recently discussed, and the same champion for a par- 
ticular design of transformer which bears his name has 
managed to create some interest and amusement. 

In his paper on “Transformer Distribution,” Mr. Swin- 
burne refers to some articles of his published in the Exxc- 
TRICAL REVIEW in 1889,* in which he examined the pub- 
lished tests of transformer efficiencies, and remarked concern- 
ing them that they could be true only on the assumption 
that at full load the iron core acted as a freezing mixture, 
and supplied power to the apparatus. Mr. Swinburne based 
his conclusions then, as he does now, on the figures given by 
Prof. Ewing for the losses occurring in iron due to hysteresis, 
reasonably enough assuming that since the E.M.F. of the 
transformer throughout its range is practically constant, neces- 
sitating a constant induction, the power lost in the iron is 
practically the same at full load as at no load. Against 





“Induction and Other Things,” Etecrricat Review, October 11th, 
1889. 


this assumption Mr. Mordey protests, and claims to 
show by experiments, characterised by Mr. Crompton as 
utterly unreliable, that the losses in the iron are greatly 
diminished as the load increases. Mr. Mordey’s method of 
ascertaining the waste in a transformer consists in running 
the apparatus under the usual working conditions at various 
loads, until for each particular load a uniform temperature is 
attained. After noting the temperatures for the different loads, 
a direct current is sent through the transformer coils of such 
magnitude as will maintain uniform the temperatures already 
noted for the alternating current. It is assumed that the 
watts expended in the latter case which admit of easy 
measurement represent the power expended internally in the 
former case, the losses being therefore easily ascertained. 
Obviously, this method of testing is open to several objec- 
tions, but while the accuracy of the results may be questioned 
to some extent, it seems difficult to believe that any error 
could creep in of such magnitude as to annul the conclusion 
to which the experiments lead, namely, that the waste in the 
iron is materially reduced as the load increases. 

Mr. Mordey is not alone in his conclusions, for the experi- 
ments made by Prof. Ayrton and his students on a Kapp and 
Snell transformer in 1888 showed the same kind of result, as 
did also the researches of Prof. Galileo Ferraris on the 
Gaulard and Gibbs transformers. These are, in fact, the 
tests which are ridiculed by Mr. Swinburne in his paper, and 
which indicate results of which no explanation whatever is 
forthcoming. In our very last issue, we find Mr. William 
Stanley corroborating the statements of these experimenters. 
The total loss in a transformer, he says, is not the sum of 
the c? R loss and the loss by hysteresis measured when the 
transformer is doing no work, but is less than the sum of 
these losses, because the hysteresis loss falls off as the load is 
increased upon the secondary. Again, Prof. Ayrton’s recent 
researches are claimed as demonstrating the same thing, and 
so we are face to face with phenomena which are at the 
moment inexplicable, but which clearly indicate that despite 
the yards of equations which have been written concerning 
it, the transformer is a thing not yet understood, further, 
that our ideas of live magnetism stand in sore need of 
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revision, Mr. Swinburne’s notions of the power expended 
in hysteresis are representative; they are universally 
accepted. What then is there in a transformer which 
operates to make the generally admitted truths of none 
effect, or what reaction masks the effect so that its direct 
results are no longer observable ? 


But when this matter is finally settled, its settlement will 
not affect to an appreciable extent the main question regard- 
ing transformers, to which Mr. Swinburne devotes his recent 
paper. Whether it is assumed that the iron loss is constant 
at all loads, or that it diminishes as the load increases, all 
admit that the transformer at full load is a remarkably 
efficient apparatus. On the other hand, underloaded, it is 
remarkably inefficient, and the truth of this is not affected 
by the acceptance of either proposition as regards the losses 
at full load. So far it has not been shown that there is any 
discrepancy between the calculated and actual loss when 
the transformer is working on open secondary, and this loss, 
after all, is by far the most important. While a transformer 
may have an efficiency of 95 per cent. at full load, it is 
seldom or never worked under these conditions, the average 
output being about four hours of half load in the twenty- 
four. Under these circumstances, then, the all-day efficiency 
of a transformer may be anything ranging from 70 to 80 
per cent., accordingly as it is well or ill-proportioned with 
reference to the work it has to do. 

The object Mr. Swinburne had in view in designing his 
“ Hedgehog” transformer was to reduce to its lowest the loss 
during the 20 hours of the day the secondary is open, and 
naturally he does not object to having a proportionaliy 
higher loss in the copper during the hours of work if, 
on the whole, the efficiency is increased. Instead of 
using a closed circuit of iron, as in the various types 
with which we are familiar, Mr. Swinburne winds his 
coils on a straight core composed of iron wire, as in the 
old Gaulard and Gibbs transformers, but allows the wires 
to. project somewhat beyond the coils, spreading them out 
at each end till they resemble thistle-heads. By adopting 
this construction, it will be seen that, as compared with 
the closed circuit transformer, the iron is reduced, the loss in 
it being, therefore, diminished. At the same time the 
exciting current is increased, although by the spreading of 
the wires it is kept as low as possible. 


While everyone admits that it is of the greatest import- 
ance to keep the iron loss at no load small, there are doubts 
in the minds of many as to whether the “ Hedgehog” is really 
any improvement on a properly designed closed-circuit trans- 
former, the latter having one great advantage, in that its 
exciting current is but fractional compared with the former. 
Mr. Swinburne unfortunately compared the worst closed 
transformer with best “ Hedgehog,” and his figures cannot 
be checked in the absence of scale drawings. But, whether 
right or wrong, there is no doubt that he has dene very good 
service in calling attention to the importance of considering 
all-day transformer losses, first in his British Association 
paper of. 1889, and now before the Institution of Electrical 
Engineers. For the rest, we must refer our readers to the 
paper, and to abstracts of the discussion. As a result of 
these and other papers, it is certain that the design of trans- 
formers will receive much closer attention in the future 
than it has done in the past. 


BATTERY TRANSFORMERS. 





As Mr. King’s letter on the above subject in last week’s 
issue of the Review arrived just before going to press, it 
was not possible at the time to make any reply in reference 
to the many so-called mis-statements of the article to which 
he draws attention. 

The lighting at Colchester was an undoubted failure, and 
it was fortunate for all parties concerned that it was stopped, 
as there could have been no possible chance of return on the 
money invested. 

Considered as an experiment for the benefit of the pioneers 
it may have been useful, as it enabled them to make a trial 
of their apparatus ; but they would hardly maintain that if 
sufficient support had been forthcoming, the undertaking 
could have been made a commercial success. 

With regard to the system employed by the Chelsea Com- 
pany, it has not been clearly explained by the promoters as 
to whether the battery sub-stations, supposing that three such 
are in use, are charged in simple series with one another, or 
arranged on a four-wire system, so that each sub-station is 
independent of the others, and can be separately charged 
from the central station. The eight sets of 55 cells in each 
sub-station are divided into two halves, either half of which 
can be thrown into a series of 220 cells, and charged as such, 
the discharge taking place off the sets when arranged in 
parallel. From Mr. King’s letter it would seem that the 
charging circuit is practically that of a four-wire system, 
which would make the battery stations independent of one 
another, and do away with the objection of unequal dis- 
charge. If this is so, there seems to be no distinct gain 
in the use of 1,500 volts on the charging circuit, as the 
saving on the mains would not make up for the risk of 
such a pressure over one of 500 volts. As Mr. King 
is aware, the circuit at Vienna consisted of three batteries 
charged in series, each battery consisting of several sets 
of 54 cells arranged in parallel. The discharge took 
place independently on to each circuit of a four-wire system 
from each parallel. Unfortunately, with the exception of a 
redistribution of circuits, there was no compensating arrange- 
ment between the batteries. The Chelsea system is appa- 
rently an improvement on this. 

Mr. King’s experience of automatic apparatus has evi- 
dently been exceptionally fortunate, especially in dealing 
with such a high pressure as 1,500 volts. For instance, the 
arrangement for automatically shutting off steam from an 
engine on completion of charge by means of a pilot wire and 
electric device, although feasible enough, is a totally unne- 
cessary, and probably an unworkable complication, and the 
use of a master cell in conjunction with a gas-holder and 
relays savours too much of the laboratory to inspire much 
confidence. 

No one will deny that Mr. King, having manufactured 
some 3,000 tons of secondary batteries, has a perfect right to 
consider himself an expert on the subject as regards con- 
struction and the correct method of using them. No 
doubt also that a battery used in this correct way, and super- 
intended by Mr. King himself, would bear out some of his 
claims; but unfortunately the majority of users display the 
same-utter ignorance about which Mr. King talks so much in 
his letter, and the result is bad for his battery, considered as 
a commercial article, 
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Would Mr. King, if he were able, care to publish statistics 
of the life history of those 3,000 tons of secondary batteries 
as regards cost of installation, average efficiency, and depre- 
ciation ? Has he ever quite entered into the question from 
his customers’ point of view, or learnt to make allowances for 
their failings ? 

He rightly places his confidence in the use of direct cur- 
rent transformers. It would have been better perhaps for 
the Chelsea Company if they had put their faith sooner in 
machine transformers, instead of in lead and acid. He 
claims that the coal and wages bill wi// be smaller than that 
of a system confessedly losing 10 per cent. Let him sub- 
stantiate this claim by comparison. The Chelsea station has 
been very well loaded of late, and if he will add the above 
items to the load curve already published for the last three 
months of the year 1890, he can show what his claim is 
worth. 





THE MUNICIPAL TRANSFER CLAUSE. 





In our issue of the 9th January last we referred to the 
disadvantages under which English central station contractors 
labour in competing for foreign contracts, and the conclusion 
arrived at was that the business was hardly worth seeking. 
This point was of importance to the few electrical firms which, 
as occasion arises, devote time and money to the preparation 
of tenders to be despatched abroad ; but a matter of far 
greater import to all central station contractors and electric light 
companies in this country deserves attention at the present 
moment. We refer to the clause inserted by the Board of 
Trade in the provisional orders and licenses granted to local 
authorities, authorising the latter, with the consent of the 
Board of Trade, to transfer their powers and liabilities to 
companies or firms, if such be desired. 

At the first blush there does not appear to be anything 
objectionable in such a clause ; but on closer examination, 
and with special reference to the advertisement for tenders 
invited by the Glasgow Corporation under its provisional order 
of 1890, it will be found that the clause has been interpreted 
or enlarged, so as to form a new obstacle to central station 
progress. The Corporation in asking for tenders from 
intending contractors wishes to know, among other matters, 
what “rent or other pecuniary consideration they are pre- 
pared to give in respect of such transfer” of powers for a 
period not exceeding twenty-one years. Now what does this 
imply ? Simply that the Glasgow Municipality, like an 
ordinary tradesman who buys goods to sell again at a profit, 
desires to lease its powers and transfer its liabilities to the 
electrical company which will either pay the highest rent 
during the contract period, or plump down the largest sum of 
money! In other words, “we have spent a few hundred 
pounds in promoting and obtaining our order, and now 
intend to make as much money out of it as possible.” This 
step is not a judicious one to take ; it is unsatisfactory and 
unfair to electrical companies, and can only be characterised 
as an unwarrantable demand and a proposed abuse of powers 
granted by the Board of Trade to a local authority. 

Though the action of the Glasgow Corporation in this 
respect may, seeing that the Corporation of Bedford in its 
advertisement asks for no payment, not be regarded as an 
example which will be followed by all other local autho- 


rities, yet there will doubtless be some who will adopt this 
reprehensible policy, provided, of course, that no measures 
are taken to counteract it. As provisional orders were last 
year granted to forty-one local authorities, and as many of 
them will very likely not work their own central stations, as 
is the case at Bradford, but will require electrical companies 
or firms to undertake to do so, it will be evident that the 
subject of “rent or other pecuniary consideration” is of 
some importance to the electrical industries. 

The town of Glasgow may, or may not, offer a good field for 
the supply of current for lighting and power purposes ; but 
it must be remembered that there are already two central 
stations in operation there, and that as the price of gas is as 
low as 2s. 6d. per thousand, and as the “canny Scots” are as 
hard-headed about changes as the City Commissioners of 
Sewers, the prospects are not very encouraging. With a 
yearly rental or a lump sum to pay down in cash, matters 
would be still worse. Taking the subject generally, electric 
light companies have yet to prove ‘themselves to be commer- 
cially remunerative undertakings, although two or three have 
paid dividends—* after a manner of speaking.” But, for 
electric light companies to be burdened with the payment of 
a large sum, or a yearly rental in addition to their present 
expenses, amounting to a pretty high figure, passes compre- 
hension. 

We cannot imagine for one moment that the officials of 
the Board of Trade, when they decided to insert the transfer 
clause in orders or licenses granted to local authorities, 
intended that the clause should be rendered so elastic as to 
permit of the powers being abused by these authorities for a 
monetary consideration. Shouldsuch, however, bethecase, the 
clause is decidedly unjust to electric light companies and con- 
tractors, who have already sufficient expenses to meet with- 
out having to pay money to local authorities. To electric 
light contractors we would suggest, in unison with the 
Financial News on this point, that they should only offer to 
pay, in the case of Glasgow and similar instances, the costs 
incurred by the local authority in obtaining the provisional 
order, and that “rent or other pecuniary considération ” 
should be fixed to commence when the dividend-paying stage 
has been reached. As to the rate of dividend, the Mechanical 
World saggests 5 per cent., which is considered a fair estimate 
for the period at which payments to a municipality should 
begin. We would, however, draw the attention of the officials 
of the Board of Trade to the action of the Glasgow Corpora- 
tion, in the hope that a statement may be forthcoming as to 
the extent to which the transfer clause can be expanded. 








Nornine can in theory be better or 
fairer than the prevailing system of in- 
viting, through the medium of advertise- 
ments in the public press, tenders for the construction or 
repairs of works, or for the supply of the separate materials 
required in the completion of the same, assuming that the 
announcements are bond fide, and state the truth and no more, 
and that the board or committee, or whatever it may be 
called, of selection is perfectly impartial, will carefully 
examine each tender sent in, and finally choose that one 
which on its merits is the most suitable ; the only reservation 
being as to capability of the contractor for carrying out his 
work to a satisfactory conclusion. Thus, in theory, every 
person answering the advertisement has an equal chance in 
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obtaining the contract. Is this so in practice? Would a 
general consensus of opinign among tenderers of all classes 
lead one to suppose this to be the case ? We think not. We 
have heard the question raised more than once whether a 
goodly number of the advertisements in the papers inviting 
tenders are not merely published as a matter of form—to 
comply with some article of association, or some clause in a 
local act—the inserters well knowing the proposed. contract is 
as good as placed already. This knowledge coming eventually 
with authentication to the ears of the victim is not un- 
naturally calculated to raise his ire on finding his labour in 
estimating worse than wasted, and also that he has been fooled 
out of his money for the purchase of plans and specifications. 
It is the common practice to charge for specifications. The 
sum demanded varies from 10s. upwards, in some cases 
returnable to an unsuccessful competitor, but this hardly 
ever applies to amounts under two guineas. In some trades 
contracts are constantly on offer, and a pushing firm 
shing to do a large business may soon find that they have 
expended somewhat largely without deriving one cent of 
benefit, their quotations being barred for reasons not dis- 
closed either in the public advertisements or in the specifica- 
tion. An instance to the point has recently occurred to a 
firm acting as agents to a foreign manufacturer in the metal 
trade. A year or two back announcements appeared asking 
for tenders for sundry goods, grouped in different classes, for 
which separate specifications had to be bought, and separate 
quotations had to be rendered. The figures sent in by the 
firm were low, they did not get the contract. Result, some 
£10 out of pocket, but they hoped for better luck next time. 
When the opportunity again offered they sent in their tenders 
once more with a result precisely similar to their first attempt. 
This time they had believed that their price was mach under 
all other applicants. So the little game proceeded. Again 
and again they expended their time and money and 
forwarded their tenders with a perseverance worthy of 
a better cause. At length they discovered, through the 
good nature or extra honesty of one of the officials 
connected with the company, who had inserted the 
notices asking for tenders, that from first to last they 
never stood the slightest chance of obtaining the con- 
tracts, or any of them, owing to the fact that, no matter how 
low their tenders might be in price or contingent advantages 
they might present, the articles were manufactured abroad, 
and, therefore, by the rules and regulations of the company 
the tenders were placed beyond the pale of consideration 
even. After receiving this information that firm must 
be held exonerated for the ultra-Irish parliamentary language 
used on the occasion, and, looking to the expenditure 
in time and money, for thinking itself an exemplifica- 
tion, in the modern sense, of “ He was a stranger and they 
took him in.” However infrequent these glaring cases may 
be, there still remains sufficient cause of complaint to arouse 
discontent in the would be contractor. This discontent 
would disappear could he be persuaded that there was no 
reservation behind the actual specification, and that every 
tender would have a fair field and no favour. It would not 
be amiss either to return the fees to all bond fide tenderers 
who are unsuccessful in gaining the contract. 
Ar the present moment electrical 
The Hectrie Light engineers are so intent on the battle 
raging between continuous and alterna- 
ting currents, accumulators and direct supply, whole hog and 
hedgehog transformers, e¢ hoc genus omne, that they have no 
time to consider whether the game is worth the candle. To 
the un-electric eye, the complexity and weight of a small 
house installation, consisting of a dynamo and gas or steam, 
engine, or of accumulators, must compare very unfavourably 
with that of the ancient systems of candles or oil lamps. Nor 


does it appear at all probable that electric lighting, carried 
out on the present lines on a large scale, will ever be 
cheaper than gas lighting. Its superiority in so many other 
respects to gas lighting may ultimately lead to its very 
general adoption, but it must be obvious to everybody that 
complete success cannot be hoped for until some entirely new 
system, by which a greater proportion of the available energy 
is converted into light, has been discovered. In a gas flame 
not more than one per cent. of the energy consumed appears 
in the useful form of light ; and in the electric arc (our most 
efficient form of artificial light), the proportion of useful 
effect is only raised to two or three per cent. The remaining 
98 or 97 per cent. being below the limit of the visible 
spectrum is wasted in the form of invisible heat. Light 
waves produced by combustion or incandescence are 
invariably accompanied by an enormously larger proportion 
of waves of a lower pitch which merely produce heat ; or as 
Dr. Lodge puts it, “it is as though, in order to sound some 
little shrill octave of pipes in an organ, we were obliged to 
depress every key and every pedal, and to blow a young 
hurricane.” The writer just quoted also predicts that a boy 
turning handle could, with his energy properly directed, pro- 
duce as much light as is now produced by the consumption 
in massive mechanism of large quantities of fuel. 
NatvurE has often proved a valuable 
prostangety Sade guide to inventors, especially in enabling 
them to leave the beaten tracks. The 
telephone, one of the most original of modern inventions, to 
a great extent owed its conception to the study of the 
action of the ear. Certain recent investigations by 
Langley and Very may yet lead to the solution of the prob- 
lem of cheap electric lighting. The object of these investi- 
gations was to discover what proportion of the radiant 
energy of the fire-fly lies within the limits of the visible spec- 
trum and to compare its distribution in the spectrum with 
that of the radiant energy from our industrial sources of 
light. Numerous spectroscopic and thermal estimations were 
made, and the result was to show that the whole of the 
radiant energy of the fire-fly lies within the visible spectrum. 
No radiant heat, below the red end of the spectrum, could be 
detected by the bolometer, an instrument which has proved 
sufficiently delicate to measure the thermal radiation from 
the moon. It was concluded that insect light is associated 
with about ,}»th part of the heat which is ordinarily asso- 
ciated with the radiation of flames. “Nature thus produces 
light at about ,}yth part of the cost of the energy which is 
produced in the candle flame, and at but an insignificant 
fraction of the cost of the electric light.” The difference 
between Nature’s and the artifical methods may be illustrated 
by a consideration of the fact that the light of the fire-fly 
produced by the usual processes, implies a temperature of 
2,000° F. 





The study of the work of their pre- 
vr Light Producer, decessors in this field of research have led 
Langley and Very to the conclusion that 
the light of the glow-worm is produced not by a vital but by 
a chemical process. But we doubt whether any process going 
on in the living body can be dissociated from the peculiar 
structure and action of protoplasm. The light in a vacuum 
tube, however, which may be very considerable when phos- 
phorescent substances are present, is an instance of light 
produced with little or no heat by other than vital processes. 
These investigations of Langley and Very are of the greatest 
interest as showing that the attainment of an enormously 
higher efficiency in the production of artificial light is con- 
trary to no law of nature, and may suggest a system of elec- 
tric lighting destined to supersede the enormously wasteful 
methods at present in use. 
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THE VALUE OF DIMINISHED ELECTRICAL 
RESISTANCE OF THE HUMAN BODY AS A 
SYMPTOM IN GRAVES’S DISEASE.* 


By H. W. D. CARDEW, M.R.C.S, Ena. 








Ir is, perhaps, advisable to recall a few well-known physical 
and physiological facts bearing on this subject before pro- 
ceeding to discuss it. Regarded from an electrical point of 
view all bodies are classified as conductors or non-conductors. 
Bodies which allow the free passage of electricity through 
their substance are called conductors, the term bodies being 
used in a general sense. Those which do not allow the free 
passage of electricity through their substance are called non- 
conductors, it being an accepted fact that every substance 
permits of some movement of electricity in itself. Electrical 


_ Tesistance is the reciprocal of electrical conductivity—thus : 


if X hasa resistance of 1 ohm and Y a resistance of 10 ohms, 
we may say that the resistance of Y is 10 times that of X ; 
or, that the conductivity of Y is one-tenth that of X. It 
is customary, however, and more convenient, to speak of the 
resistances of substances when wishing to compare that pro- 
perty in definite terms of measurement. The unit of re- 
sistance is called an ohm, and is arbitrarily taken to be that 
offered by a column of mercury at 0° C., 106 centimetres in 
length, with a section of 1 square millimetre. In order to 
create a readily comparable standard of resistances for various 
substances, a definite quantity (1 cubic centimetre) is taken 
of each substance at a definite temperature, and its resistance 
measured from face to face. Such resistance is known as 
the specific resistance of each substance, and a glance at a 
table of such specific resistances enables us to see the relative 
conductivity of the various substances. The specific resist- 
ance of solid conductors is easily found, but in attempting to 
calculate that of a liquid we are confronted with certain 
difficulties. We take the same amount at the same tempera- 
ture of the various liquids, but it is not easy to be so sure 
of its definite composition and strength if a solution, as in 
the case of a solid, such asa metal. Further, a fluid conducts 
by convection, being electrolysed by the passage of a current 
through it, and this electrolysis sets up a counter-electromo- 
tive force, which opposes the current, and is yet not true 
resistance. Many methods have been introduced for mini- 
mising these difficulties. 

The following table of specific resistances will be of use, as 
bearing on the subject :— 


Copper annealed, 1°598 microhms (one millionth of an ohm). 
Silver annealed, 1°504 a 

Graphite, 41,800 ie 

Sulphate of zinc solution with density, 1°2891 = 28°3 ohms. 
Sulphate of copper solution ” 1°2051 = 29°3_——=, 
Water (pure) ... we ows <a wes 9,320 ,, 
Taken from Jenkin on “ Electricity and Magnetism.” The 
temperature of the first two was 0° C.; of graphite, 22° C. ; 
of solution, 10° C. ; of water not stated. 

This table demonstrates the fact that though a saline 
solution has not the high conductivity of copper and silver, 
it may yet be regarded as a fairly good conductor. It is a 
recognised fact, and one easily proved, that the human body 
conducts solely by virtue of the fluid contained in its tissues, 
the conductivity of each tissue being in direct proportion to 
the quantity and conducting quality of the contained fluid. 
This resembles the manner in which a silken thread, itself a 
non-conductor, after being moistened with a conducting fluid, 
conducts by virtue of the conducting fluid contained in its 
interstices. Any one tissue of the human body is, when freed 
from fluid, a non-conductor ; but it can be converted into a 
conductor by soaking it in a hot saline solution, provided 
that it allows the fluid to occupy its minute interstices. 
Through the kindly courtesy and with the assistance of 
Professor Stewart, I examined two mummies in the Museum 
of the College of Surgeons, with a view to see if they acted 
as conductors. These mummies were prepared in 1779, and 
may reasonably be looked upon as human bodies free from 
their fluid constituents. I used an electromotive force of 
60 volts; the galvanometer used would show 0°00001 
ampére. Bare ductile metal electrodes, connected with the 
battery and galvanometer, were placed in various portions 
of the mummy examined, but there was no deflection of 
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the galvanometer. A simple calculation shows, therefore, 
that the resistance of each mummy must have been over 
6,000,000 ohms. Other dried tissues have acted in a similar 
manner. We are, therefore, justified in accepting as a 
recognised fact that the human body conducts solely by 
virtue of the fluids contained in it. These different fluids 
are, to all intents and purposes, saline solutions containing a 
variable amount of different salts. They may be regarded, 
from our point of view, as fairly good conductors, remembering 
the conductivity of those solutions enumerated in the table 
of specific resistances. Regarding the human body as con- 
ducting solely by virtue of these different solutions con- 
tained in the various tissues, we should expect to find it a 
good and not a bad conductor. How comes it then that 
there is such an enormous difference between their con- 
ductivity, when contained in the various tissues of the 
body, and what we are led to believe by analogy would be 
their conductivity if examined external to and separate 
from the body. The difference is not due to them, but to 
the different conditions of the two experiments. When 
examined separate from the body, they would be in 
direct contact with the electrodes; when examined as 
part of the body there is placed between the electrodes 
and the fluid a layer of non-conducting material which 
would be a complete non-conductor were it not for minute 
orifices and interstices contained in it, which perforations 
contain a variable quantity of fluid. This non-conductor is 
the stratum corneum of the epidermis, consisting of cells 
which, as they approach the surface from the deeper portion 
of the skin, become dry from evaporation and horny from 
conversion of their protoplasm into keratin. 

When we recall the statement that the human body free 
from fluids is a non-conductor and apply it to this tissue, we 
see at once why it is a bad conductor, and why it is that 
were it not for the minute interstices between the cells, the 
openings of the sweat glands, sebaceous glands, and hair 
follicles, containing a conducting medium naturally or arti- 
ficially placed there, it would be a complete non-conductor. 
We may assume that it is to this layer the body owes its 
high resistance, this being borne out by the fact that the 
resistance of the body is different according as to thickness 
and the number of orifices in the portion of this structure 
covered by the electrodes. It has also been demonstrated 
that the resistance of a definite portion of the human body is 
enormously diminished by removing the epidermis. A 
simple way of demonstrating this theory to be correct is the 
manner adopted by us in the percutaneous method of apply- 
ing electricity. We reduce the resistance of the stratum 
corneum by either sponging the skin with hot water (the re- 
sistance of fluids is diminished by heating them), or a hot 
saline solution, or by soaking the coverings of the electrodes 
in the same fluids ; or, better still, by doing both. In either 
case the fluid enters the intercellular interstices and the other 
perforations of the stratum corneum by capillary attraction, 
thus forming a conducting medium between the moist 
structures immediately beneath it and the electrodes placed 
on it. The further reduction of its resistance depends on 
the electromotive force of the battery and the duration of the 
application up to a certain point. i examined one patient, 
and with all conditions of both examinations the same, bare 
metal electrodes being used, I found the resistance 60,000 
ohms before and only 3,764 ohms after moistening the skin 
with a hot saline solution. 

In applying the various physical facts to the study of the 
human body as a conductor, we see at once that it is not 
possible to assign a specific resistance to it. The conditions 
affecting its conductivity are so diverse, that enormous varia- 
tions in the resistance are found in the same body. We can- 
not take any definite portion of a body for a type of the 
whole of the body as regards its structure and composition. 
Since it conducts by virtue of. the fluid contained in it, we 
meet with all the difficulties enumerated when speaking of 
the specific resistance of a fluid, this being further compli- 
cated by the fact that the electrodes are not placed so that 
their whole superficial area is in contact with a corresponding 
superficial area of fluid ; and, further, that the sectional area 
and length of the column of fluid vary. But in examining 
the resistance of human bodies, for the sake of comparison, 
there are certain conditions we can control, and then our 
results are of some importance. Such conditions are to use 
electrodes, made of some ductile metal, having a definite 
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superficial area, to apply them bare to definite portions of the 
bodies, to ensure as much as possible that the number of 
orifices in the stratum corneum beneath them are approxi- 
mately the same. This is important, for we must regard 
these orifices as containing threads of the conducting medium, 
and therefore the greater the number of these threads beneath 
the electrodes, the less the resistance will be, since resistance 
diminishes with increasing sectional area, and increases with 
the length of a conductor. The electromotive force of the 
battery used should be the same in all cases. Other con- 
ditions vary with the method adopted of estimating the 
resistance. 

The first to call attention to the fact that the bodies of 
those suffering from Graves’s disease offered a very diminished 
electrical resistance was Dr. Charcot. He did not say that 
it was present in all, but only in the majority of such cases. 
He states, in a lecture on this disease,* that in it we have a 
symptom of great value, and likely to be of great import- 
ance in the diagnosis of atypical cases (formes frustes). 
That it is present in the majority of cases I believe to 
be certain. I found it present in fifteen out of twenty 
cases, That it is a symptom of great or even any value, [ 
would venture, with all respect for such a distinguished 
observer, to deny. My attention was called to this condition 
when I first had the opportunity of carrying out the electrical 
treatment for Dr. Sansom in some cases of Graves’s disease. 
One noticed that in the majority of these cases the electro- 
motive force necessary to produce at once the desired current 
strength was very much less, all other conditions of the 
application being the same, than in patients suffering from 
other diseases, such as facial paralysis—that is to say, the 
resistance offered at the commencement of the application 
was very much less than usual. Thus, with all conditions 
of the examinations the same, I found in the majority of 
patients suffering from Graves’s disease an average resistance 
of about 3,000 ohms, as against from 30,000 ohms and 
upwards, according to circumstances, related further on, in 
other cases. This being the case, on recalling the condi- 
tions by which the human body conducts, one naturally 


attributes this enormous difference to some change in the 


resistance of that portion of the body (the stratum corneum) 
which offers the greatest part of the whole resistance. This 
was the condition found. Most patients suffering from 
Graves’s disease jerspire more or less profusely, and as 
evaporation does not take place at a rate equal to that of 
the secretion, the stratum corneum is covered with sensible 
perspiration, and its intercellular interstices and the orifices 
piercing it are filled with this saline solution, which forms 
an excellent conducting medium between the internal fluid 
of the body and the electrodes placed on it. This deduc- 


-tion I found confirmed in my own cases, as pronounced 


diminished electrical resistance such as described occurred 
ouly in those patients in whom the perspiration was sensible. 
I thought, however, that, incontrovertible as this explanation 
of the diminished electrical resistance was to me, it would be 
advisable to examine a number of other cases. By the kind- 
ness of Dr. Sansom, and with the assistance of his house 
physician, Mr. Reynolds, I examined a number of suitable 
cases in his wards at the London Hospital. In addition to 
these I examined in the out-patient department of the 
London Hospital, by the kind permission of Dr. Ralfe and 
Dr. James Anderson, a large number of out-patients. I take 
this opportunity of thanking these gentlemen for so kindly 
affording me the necessary facilities for obtaining the in- 
formation I desired. 

I found it practically impossible to estimate the resistance in 
all these cases by the Wheatstone bridge method for obvious 
reasons, and therefore adopted the plan of estimating it by 
means of Ohm’s law. This is usually written as an equation, 


E a 
c=5 (¢ being the current strength in ampéres, E the electro- 


motive force in volts, R the resistance in ohms) ; R being the 
quantity I wished to find out, the equation for this purpose 


: 7 E 
being written Rk = o The electromotive force I estimated 


with a voltmeter, and the current strength with a galvano- 
meter. ‘These two factors being known, a simple calculation 
gave the required k. My method of. procedure was as fol- 








* “ Gazette des Hépitaux,” January 31st, 1885. 


lows :—I used a 4 cell (chloride of silver, Schall) battery, 
having an electromotive force of 6°4 volts and an internal 
resistance of 1°2 ohms ; a galvanometer, which was graduated 
in ten-thousandths of an ampére, having a resistance of 200 
ohms. A deflection signifying 0°0001 ampere, with the 
electromotive force 6°4 volts, therefore showed the resistance 
in circuit to be 64,000 ohms. This, less the 200 ohms re- 
sistance of the galvanometer, and the 1°2 ohms resistance of 
the battery, would represent the resistance of the portion of 
the human body being examined, the equation being Rk 
E (6°4 

(64,000) = | Oba) 

In describing the cases below, when I say.that the resist- 
ance was more than 64,000 ohms, I mean that with such an 
electromotive force and such galvanometer put in circuit 
with a patient, the deflection was not equal to 0°0001 
ampere, my object not having been to ascertain the exact 
resistance when high, but merely to establish the difference 
between the two extremes, high and low. I further ignore 
the other resistance in circuit—namely, that of the battery 
and galvanometer—in stating the resistance to be over 
64,000 ohms. The electrodes used were of ductile metal, to 
allow of their adaptability to the body surface, and circular 
in shape, having respectively a diameter of three and one and 
a-half inches. The large one was placed on the nape of the 
neck so that the centre of its lower border corresponded to 
the centre of the seventh cervical spinous process; the 
smaller one on the manubrium, so that the centre of its 
upper border corresponded to the centre of the sternal notch, 
The electrodes were applied bare and dry, care being used to 
keep their surfaces clean and bright. The current was 
allowed to flow for ten seconds. Thus I venture to think 
that the conditions of the examinations were the same in 
all cases, so far as those under my control were concerned. 
The site of the electrodes is convenient of access, and has 
constant landmarks for accuracy of position. The actual 
examination consisted of five steps: (1) applying the elec- 
trodes ; (2) switching in a voltmeter and noting the electro- 
motive force ; (3) withdrawing the voltmeter and switching 
the patient with galvanometer simultaneously ; (4) switching 
the patient with galvanometer out of circuit at the expira- 
tion of ten seconds, and switching in the voltmeter again to 
note the electromotive force; (5) calculating the resist- 
ance of the portion of the body examined by the equation : 

R= “ 

The following are notes of some of the cases examined by 
me :— 

Healthy adult male, examined three times in the twenty- 
four hours ; the first time, immediately after undressing at 
night (he wore flannel next the skin), perspiration sensible to 
touch and sight, R = 2,438°8 ohms ; the second time, ten 
minutes later, the subject having remained with chest and 
back bare to allow evaporation, previously interfered with by 
his clothing, to take place freely, R = 4,713 ohms ; the third 
time, the following morning, the subject slept in a cotton 
night shirt, perspiration insensible, R = 32,798 ohms. This 
great difference would be due to diminished perspiration 
with increased evaporation during the night. ‘These three 
examinations were made in moist warm weather. I there- 
fore examined the subject again during dry, cold weather, 
and found, all conditions of the examination being the same, 
that the resistance at similar periods was respectively 
3,167°2 ohms, 8,941°6 ohms, and over 64,000 ohms. This 
was due to diminution of perspiration and increase of 
evaporation being influenced by atmospheric conditions. 
A large number of out-patients were examined, some 
before being exposed for the purpose of physical examina~ 
tion, and some after their chests and backs had been exposed 
for this purpose. The resulting resistances found varied in 
all degrees from 3,000 ohms to over 64,000 ohms, the recently 
stripped patients offering the lowest, and those examined 
some minutes later the hightest resistance ; whilst, on re- 
examining those offering low resistance immediately their 
chests and backs were exposed, some minutes later, the re- 
sistance had increased according to the time they had been 
exposed for physical examination, and in proportion to the 
amount of original perspiration and the rate of evaporation. 
These cases were all of them suffering from the various 
chronic disorders such as, are usually met with in out- 
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patient departments. In every case where the resistance 
was markedly low, the portion of skin to which the elec- 
trodes were applied was covered with perspiration sensible to 
the touch and sight. Of acute cases I examined in the wards 
of Dr. Sansom at the London Hospital, the following two 
will be sufficient to quote. One, a young woman suffering 
from subacute rheumatism, was perspiring moderately when 
I first examined her on the night of her admission ; R found 
to be 2,899°8 ohms ; ten days later perspiration insensible, 
over 64,000 ohms. Another case, that of a man, was 3,563°5 
ohms when perspiration was sensible but moderate in amount, 
and 31,798°8 ohms when perspiration was insensible. In 
the case of a healthy male adult examined by the bridge 
method, I reduced his resistance from 80,000 ohms to 1,900 
ohms by administering hot spirituous drink to him, then 
putting him in a hot room and covering him with thick 
clothes until he perspired excessively. In this case the 
electrodes were the same as regards size, position, and all 
other conditions as in the experiments described above. It 
is not necessary for me to enumerate the results of other 
examinations, as I venture to think that those described 
above are sufficient to support my contention that markedly 
diminished electrical resistance of a definite portion of the 
human body signifies merely that the portion. of skin covered 


with the examining electrodes is moist with sensible perspi-. 


ration. Such being the case, I leave it for those who read 
this statement to assign that condition its proper value. If 
the existence of sensible perspiration is regarded as a diag- 
nostic system of any value, then, as it is sensible to our touch 
and sight, any corroboration by means of special apparatus 
is unnecessary. If, on the other hand, the question of per- 
spiration being sensible or insensible depending on such a 
great number of circumstances, it is not to be regarded as a 
symptom of value. This being my opinion, such evidence 
for or against the presence of sensible’ perspiration is abso- 
lutely unnecessary. 





INSTALLATION MATERIALS FOR CENTRAL 
STATIONS. 





Ir is a recognised fact that detailed descriptions of the 
method of wiring houses, and the choice of insulating 
materials used by different contractors, seldom find their 
way into print, although it is just to such details that 
attention should be called. The Keys Electric Company, of 
London, have given us an abstract from a most practical paper 
of Mr. Gérz, chief engineer of the installation department 
of the Allgemeine Elektricitiits Gesellschaft, of Berlin, in 
which communication the present practice of that eminent 
company is fully described, and which may be of interest to 
our readers, not merely for the purpose of making comparisons, 
but also in some instances to follow certain advantageous 
methods. 

This question of the installation in the house becomes 
endowed with special importance at such a time as the 
present, when central stations are springing up everywhere, 
diffusing a knowledge of the subject among all classes of 
people ; and when everyone is becoming acquainted with the 
properties of the electric current, its advantages and’ dis- 
advantages, 

For the consumer who receives his current from the 
central station, it is a matter of indifference whether the 
dynamo that works for him has an efficiency of 80 or 90 per 
cent. ; whether it has two or twelve poles ; whether it runs at 
a high or a low speed. What he wants is a steady light of 
unvarying brilliancy ; and what concerns him is simply and 
solely the arrangements made for utilising the current in 
his rooms, and the practical value of such arrangements, 
any fault or shortcoming in which makes a far greater 
impression on his mind than any technical difference or even 
imperfection in the contrivances outside his four walls. 

he slow development of the installation department is 
closely connected with the fact that installation work has 
progressed along false lines. It has seemed as though one 
could never dwell sufficiently on the pliancy and adaptability 
of electric leads in contradistinction to the unbending 
stiffness of gas-tubing, and consequently one has been 


betrayed into adopting and laying down leads and other 
materials, which in point of safety do not satisfy just and 
reasonable requirements. 

Every engineer who has to do with heating or ventilation, 
even the gas engineer, requires for his fittings the necessary 
channels and spaces in a new building. If, however, the 
electrical engineer comes and makes similar demands, every 
architect feels himself justified in doubting his professional 
ability. : 

As a rule, the electrical engineer is only called in when 
everything else is complete, and he is the cleverest who best 
manages to conceal his wires, &c. 

Space is necessary for electrical just as much as for other 
fittings, and it will a matter for congratulation, when it 
has at last been recognised that the requirements, not of 
architecture, but of utility and safety, should alone be studied 
in the carrying out of installation work. 

The sins of omission in this respect are now bearing their 
fruit. We need only remind you of New York, where bad 
installation of overhead wires has led to a series of accidents, 
necessitating at last the compulsory removal of the whole of 
these wires ; and of Paris, where in consequence of repeatedly 
recurring fires caused by faulty installations, the whole of 
the eléctrical installations have recently been subject to 
official inspection. 

Formerly it appeared as though one could not sufficiently 
extol the superiority of electricity to all danger of fire, 
although sober-minded people have been careful never to 
express themselves with two much confidence on this point. 
Now, when unfortunately in numerous cases electricity has 
been responsible for outbreaks of fire, the reaction that 
ensues is so much the stronger. It has even become the 
fashion, as you can see by studying the daily papers, to 
attribute the blame for the outbreak to electricity, in all 
cases where there are not other causes clearly ascertainable. 

To the Allgemeine Elektricitiits Gesellschaft is due, without 
doubt, the credit of at once recognising the importance of 
the installation, and doing their very utmost to aid its 
development. 

In conjunction with the above named company, the 
Berliner Electricitatswerke, two years ago, laid down the 
carrying out of electrical installations in connection with 
their central stations, the first comprehensive rules that have 
had in view, not only the safe working of the central station, 
but also that of the consumers’ installation. These rules 
have further the advantage of being based on a very com- 
prehensive experience in working, lasting through several 
years, which, unfortunately, is not the case with many other 
rules. 

The Berliner Electricitatswerke are at the present time 
engaged in revising their rules, in accordance with the 
experience gained in working their installations of about 
120,000 lamps, and the materials which we can now bring 
under your notice, have been constructed in conformity with 
this experience. 

The first principle enforced is that wires should be covered 
up as little as possible, and should be laid, where practicable, 
on porcelain ; and that where wires are concealed they should 
be laid either in wide grooves only, or in tubes of sufficiently 
large bore to enable the wires to be easily drawn through 
them. Both with grooves and tubes free circulation of the 
air should be facilitated. 

The employment of wood casing should be avoided as 
much as possible. Where concealment of the wires is 
required, and is really essential, the wood casing is best made 
of impregnated, or at least of smoothly planed wood and 
better still of fire-proof material. If at all possible, the wires 
if thoroughly insulated, should be fixed in their places by 
means of wire staples. For efficient working, we consider 
the centralisation of all switchboards, &c., in easily accessible 
places as very essential. It is always a source of annoyance 
when, for example, safety fuses are placed on the ceiling in 
rooms, or other places that are in constant use. If any 
disturbance occurs through the fuzing of a lead plug, an 
iuterruption of the current can in such cases be only with 
great difficulty avoided. 

The employment of double pole switches is also of great 
importance, because, when connected with a central station, 
the wires are constantly under current ; and if with a single 
pole switch, any faults in insulation occur in the circuit, a 
leakage of current takes place, which would be entirely 
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avoided, by the use of the double pole switch. We should 
like here to bring to your notice some of these materials 
constructed by the Allgemeine Electricitiits Gesellschaft, 
with a view to facilitatihg the work of the wire runner and 
rendering him independent of outside aid. 

The use of iron wedges for insulation, rather than of the 
wood ones commonly employed, is to be recommended, as 
the first named after they have got thoroughly dry, are liable 





Fig. 1. 


to work loose. The iron wedges can, too, be fastened direct 
to the insulators, forming a fitting as shown in figs. 1 and 2. 

For the completion of this portion of the material, iron 
strips furnished with porcelain insulators are used (figs. 3 
and 4), which, where several wires are to be carried parallel 


cm on te 


Fie. 3. 


ee 


Fic. 4. 


to one another, are connected to the insulators on the iron 
plugs of figs. 1 and 2. 

_ The connection is completed by forcing each end of the 
iron strip under one of the porcelain insulators on the iron 
a _ Thus every two plugs are connected with one another 
by an iron strip, and this suffices for conducting a correspond- 
ing number of wires. By further suitable combination of 
this part of the material, a very wide conducting path can be 
formed with but very few plugs. Where formerly a wood 





Fig. 5. 


plug corresponding in breadth to-the width of the conduct- 
ing path had to be inserted, and the insulators screwed on to 
it, one has now simply to make three small holes for the 
plugs. For corner connections, special insulators as shown 
in fig. 5, have been constructed. 





Fia. 6. 


One important point, mentioned in the rules of all electrical 
stations, is connected with the insulated suspension of lamp 
fittings.“ A number of contrivances have been made with 
this view, differing with the size of the fitting,i&c. Where 


the insulation of the fitting itself is not possible, arrange- 
ments are made so-that in fixing the holders, each one is 
insulated. We have already mentioned the centralisation of 
all lead safety fuses, recommended in all rules ; and for this 
purpose, also, a contrivance has been arranged to facilitate 
strict centralisation. Formerly it was extremely? difficult in 





Fia. 7. 


carrying out an installation to at once arrange the requisite 
switchboard, because the number of safety fuses and switches 
required is different for every switchboard. It was therefore 
necessary to have units which would admit of easy combina- 
tion. The means adopted with this view consists in placing 
fuses and switches on a number of small wood or porcelain 
boards resembling one another. You see here a board with 





two double pole fuses (fig. 6). If three branches are required, 
a board with three fuses (fig. 7) is used. If four fuses are 
wanted, two boards, as in fig. 6, are joined together by small 
copper connecting pieces, as in fig. 8, and these combinations 
can be continued at will. Where switches are required in 
addition, switchboards, as in figs. 9 and 10, are employed. 
This arrangement is only employed where special regulations 
for the constitution of the lead connections do not exist. 
When such regulations exist, another arrangement, constructed 
on similar principles, takes the place of the above, which also 
takes as its unit two double pole fuses (fig. 11). The main con- 





ducting strips are bent at an angle; over these are placed 
gun-metal rings for holding the lead plugs. The conductors 
are connected to the gun-metal rings, and the boards are 
joined together as before by means of small copper strips 
(fig. 12), which for convenience are not bored but notched. 
In order to comply with the regulations contained in the 
rules, the improper use of lead plugs is avoided by con- 
structing these of varying lengths, and placing on the 
bent main conductor strips contact screws of varying thick- 
ness (fig. 18) for connecting up the lead plugs. The lead 
plug for the thinnest wire is the longest, that for the thickest 
wire the shortest, so that one can insert the wrong plugs, 
but these can never be a source of danger to the wires. 
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whole switchboard is protected by a tin cover, which can be 
screwed on at the middle of the board so that all the parts 
in circuit can be secured from interference. Where currents 
are to be controlled direct from the switchboard, the safety 
fuses are connected with one (fig. 14) or two (fig. 15) double 
pole switches without altering the outside dimensions of the 
switchboard. Switching on is effected from the outside by 
means of special handles ; switching off by means of a small 





Fie. 10. 


stop lever. For larger currents where lead plugs do not 
afford sufficiently good contact, a switchboard is used which 
is outwardly the same, but which is furnished within with 
so-called composition strips. Fig. 16 represents a switchboard 
of this kind for two double pole fuses up to 100 ampéres : 
fig. 17, one for a double pole fuse up to 250 amperes. : 





Instead of the contact screws for preventing improper usc, 
small pins are employed which are applied to the lead strips 
themselves (fig. 18). The apparatus last described can, of 
course, be combined again as iy sag and by means of 
suitable connections can at once be made suitable for the 
three-wire system. This apparatus has the important advan- 
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Fia, 12. Fia. 13. 


tage that one can at any time enlarge the board as required 
and change the various parts without difficulty. For fasten- 
ing the board the cast iron strips are used shown in figs. 19 
and ..20 furnished with pins. 

In order to comply with further regulations, the Aiigemeine 
Electricitiits Gesellschaft has constructed and provisionally 








Fia. 14, 


protected a new double pole switch which is proving a success, 
and is remarkable chiefly for making contact and breaking 
current instantaneously so that sparking is reduced to a mini- 
mum. The contact surfaces are kept permanently clean by 
the contact springs sliding over them, so that no heating of 
the switches can occur. 


The lead fuses in the house mains, mounted on marble or 
slate, constitute the connection of the house mains with the 
house wiring itself. 

(reat care has here been taken to use fireproof material, 
because on the one hand such apparatus must often be located 
in damp cellars, and on the other hand, there is a danger of 





setting light to combustible materials through the melting 
lead connections carrying large currents. Figs. 21 and 22 
represent lead cut-outs for house mains, suitable for the two 
or the three-wire system, the gun metal parts of which are 
also tinned. The new rheostats allow of the regulation of 
the resistance in the usual manner, viz., by pushing a ring 
over the coils of wire wound on slate. 





The connection of the resistances with the house wiring 
is independent of the regulating device, which latter is 
arranged in the resistance coil by means of a slip ring and 
polished copper strip. The resistances are so contrived that 
they can be used for the ordinary are lamps of 6, 9, 12 and 
20 amperes by means of suitable combination,; no matter 
whether single or double lamps are used. 





A material has recently come into our hands from a 
friendly quarter, which promises to be of great service in 
wiring, viz., impregnated paper tubes. At present, one is 
obliged to employ metal, hard India-rubber or glass tubes, 
the use of which in large quantities is both dangerous, and 
objectionable, on account of high price, quite apart from the 
difficulty of laying it. The paper tube seems to afford a 
cheap substitute, and to be suitable either for exposed or 
covered circuits. We have made experiments in this direc- 


ai aes Ps, 
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tion which have proved very satisfactory and are worthy of 
attention, on account of their being made in the form of a 
tube, which is always acceptable to the architect, and against 
the use of which he never raises his voice. The separate 
parts used for fixing these tubes are chiefly small stampings 
of sheet gun metal, which are twisted in the middle and bent 
round the tube, and so holds it securely. When many bends 
are to be made, for example, at the branches to the switches, 
or at corners, boxes are inserted, which can be used to facili- 
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tate the drawing through of the wires. Over longer stretches 
the wire can be drawn even through bends without further 
aid ; care must, however,-be taken in placing tubing under- 
neath decorations, that the boxes are in sufficient number and 
remain accessible. The tubes are connected together by 
means of paper sleeves coated with some insulating material. 





Fie. 19. 


We have carried out a complete installation with tubes, 
the wires being drawn through with great ease. For the 
sake of experiment, we repeatedly drew these out and re- 
placed them again, which we did without the least difficulty. 
It is advisable to use, not separate wires, but twin wires. 





Fic. 20. 


This twin wire is made in a manner that it is very desirable 
to imitate. 

The two conductors are very slightly insulated from one 
another by means of a simple layer of cotton or jute laid 
round them ; outside, however, they are furnished with an 





India-rubber insulation. If the wires are damaged, direct 
metal contact then takes pluce between the two conductors, 
and, consequently, the lead safety fuse, as a matter of course, 
melts. With a heavier insulation between the two wires 
there is a possibility of the formation of an arc, which may 
cause a conflagratiou sooner than a short circuit. 

The greater part of the materials which we have described 
have been employed in the course of the present year to the 
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extent of thousands, and have proved their value in localities 
the most remote from one another and under the most vary- 
ing circumstances. By means of this material, not only is 
one in a position to place at the disposal of the installer 
everything he needs for the rapid completion of an installa- 
tion, but the material and its suitable employment guarantees 
to the consumer that safety with regard to his installation, 


and that ease in working it, which one should expect at the 
present day from a first-class house installation. Taken in 
conjunction with the prescribed covering material, the con- 
trivances and.apparatus mentioned above present a complete 
system such as has never up to the present been available, 
and which in this sense must be regarded as a distinct 
advance in the direction of sound installation work, a branch 
that stands so sorely in need of our utmost efforts. 





DISSOCIATION PHENOMENA. 





In the year 1860, A. W. von Hoffmann published a paper in 
conjunction with H. Buff, in which it was stated that car- 
bonic acid gas is gradually decomposed by the passage of a 
series of electric sparks through the gas, and that after a 
time, the carbonic oxide and oxygen (the results of the disso- 
ciation) recombine with explosive violence. After thirty 
years, Von Hoffmann has returned to these experiments, and 
there is another paper by him in the “ Berichte der deutschen 
Chemischen Gesellschaft,” xxiii., p. 3,303—3,319, from which 
we make the following abstract. 


9 














Fia. 1. 


On repeating the experiments made in 1860, it was found 
that the explosion only occurs under certain special conditions. 
From six to ten ce. of previously dried carbonic acid gas, 
under a pressure of 650—700 mm., are brought into a stout 


a. 














Fie. 2. 


glass tube standing over mercury : a short piece of platinum 
wire is fused into the shorter limb of a thin (J-shaped tube 
(fig. 1), the tube is filled with mercury, and a second piece 
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of wire wound spirally round the outside of the shorter limb, 
which is then passed up into the vessel containing the gas 
(fig. 2) ; in this way the length of the spark may be easily 
regulated : in general it should be 2°5—3 mm. Connection 
is made by two wires dipping into the mercury contained in 
the J-tube and trough respectively. The electric current is 
obtained from two Bunsen’s elements of medium size, which 
are connected with a Rhumkorff coil and a small Leyden jar, 
the coil being 30 cm. long and 10 cm. in diameter (fig. 3). 








The first explosion usually occurs after 15—20 minutes, 
and the subsequent ones at shorter intervals, since the regene- 
ration of the carbonic acid gas is not complete. 

The dissociation of carbonic acid gas may be shown by 
passing the gas through a glass tube, in the middle of which 
two platinum terminals are fused; a series of sparks is 
allowed to pass, and the issuing gas collected over potash. 
Part of this gas dissolves, and the remainder will be found 
to be explosive. 

The accompanying illustration (fig. 4) shows a form of 


‘apparatus which may be employed for the purpose of showing 


the dissociation of steam at varying pressures. 














Fra. 4. 


The wide glass tube is 2°5 cm. in diameter and 20 cm. in 
length ; the lower tube is 1 cm. in diameter and 40 cm. in 
length. The apparatus is filled with moist mercury and 
heated with steam. Instead of fixed platinum terminals, the 
U-tube and wire described above may be employed. No 
regeneration of water occurs in this case. 

The experiment may be varied by allowing the apparatus 
to cool whilst the electric current is continued: the dis- 
sociated gases gradually combine, and the whole tube becomes 
refilled with mercury. The best current to use is one obtained 
from three Bunsen cells, with the coil and Leyden jar as 
before. 

Steam may also be dissociated by means of a glowing white- 
hot spiral of platinum wire ; the two ends are connected with 
accumulators, steam is over the coil and the mixed 
gases are collected over cold water, which serves to condense 
the excess of steam. 

Experiments in the dissociation of gases and vapours by 
means of the silent discharge, show that ozone is produced by 


the decomposition of carbonic acid gas, the result obtained 
by Andrews, Tait, Brodie, and others being thus confirmed. 

Steam may also be decomposed by passing it through a 
Siemens ozone induction tube, or by the use of the modified 
apparatus devised by Berthelot. Various experiments have 
shown that the explosive gas obtained is really derived from 
the steam and is not due to electrolysis. 

Von Hoffmann also confirmed Berthelot’s results on the 
decomposition of ammonia by means of the silent discharge, 
and found that the vapours of methyl alcohol, ethyl alcohol, 
and ethyl ether, may also be dissociated by means of the silent 
discharge. 


—————EEE 


A TURNTABLE WORKED BY ELECTRICITY. 





[FROM OUR OWN CORRESPONDENT. | 





In the waggon manufactory of Ganz & Co., Budapest, 
the manipulation of the waggons has been effected for some 
time, by means of a turntable worked by electricity, which 
has attracted the lively interest of industrialists and electric 
engineers. 

The many workshops of this specially extensive establish- 
ment lie at relatively great distances apart, so that it may be 
remarked they have to be lighted up by means of a special 
central station with alternating current transformers. The 
several workshops, as also the store-houses and other build- 
ings in which complete waggons and others in process of 
manufacture are being manipulated, are connected by longi- 
tudinal and cross rails, upon which the waggons can be 
pushed from one room to another. This process was formerly 
performed by means of a rather numerous staff of men told 
off for the purpose. Such a manipulation was of course 
troublesome, tedious, and expensive, and it is now superseded 
by an electric plant. 

As the primary machine for this purpose there was set up 
a dynamo of the type 43, of the capacity of 100 amperes 
and 110 volts tension at the terminals, whilst as motor 
there serves a series dynamo of the type A), of the capacity 
of 6,600 watts, placed in a protective box on one side of the 
turntable. 

The conductors, for the sake of the needful stability, are 
carried through the interior of an upright, 6 metres in height, 
which is fixed alongside the stage and stayed by ropes. 
At the upper end of the upright there are fixed contact ies 
upon high supports, by which the conduction of the current 
is effected. These rollers, whilst the stage is in motion, lift 
the copper cable and the guy lines, thus effecting a good 
and continuous contact. 

The motion is transferred from the dynamo, which serves 
as motor to the axle of the turntable by friction wheels, two 
of which are mounted immovably, one upon the shaft of the 
dynamo, and a second on a special support placed below. 
The third friction-wheel catches into the two wheels just 
mentioned, and can be moved in and out by means of levers. 
The lowest friction-wheel is fixed on a shaft, upon the 
extremity of which there is a wedge-wheel. This wheel 
catches into another corresponding wheel fixed on the shaft 
of the stage, and thus effects the movement. 

The connection and disconnection of the motor and its 
guidance are effected by a switch connected with a starting 
rheostat. The appliance just mentioned is enclosed in a 
box on the turntable, and the required manipulations can 
be easily and simply effected by means of a projecting 
lever. 

The motion of the turntable is at the rate of 1 to 2 metres 
per second. It is fitted with a powerful brake, by means of 
which its speed, if needful, can be suddenly reduced. 

The motor is powerful enough to convey two other waggons, 
in addition to the one placed on the’turntable in which case 
one of the waggons is drawn and the other pushed. . 

By means of this apparatus the conveyance of wood, 
iron, coal, &c., to the various workshops of the establish- 
ment is effected, and these tedious operations are thus much 
simplified. 

he primary machine serves also to actuate a motor in 
the joiners’ department, and set the machinery there in 
motion. 
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UNDERGROUND CABLES.* 
By STUART A. RUSSELL. 


Tue subject of this lecture, as announced to yu in the programme, 
is one that covers a great deal of ground, and were I to attempt to 
treat it in its widest sense, I am afraid it would require a much longer 
time than could possibly be given to it in one evening. I pose, 
therefore, to confine my remarks more especially to the sihdest of 
underground insulated conductors, as used for the:distribution of 
electrical energy from central stations. 

As you all know, the insulated conductor is the connecting link in 
a system of electrical transmission between the generator of the cur- 
rent and the apparatus where the electrical energy is to be con- 
verted into other energy, whether of motion, light, heat, or chemical 
action. It consists always of two parts whose functions are for the 
one to offer as little resistance as possible to the passage of the cur- 
rent along a certain defined path, and for the other to offer as high a 
resistance as possible to the escape of the current from that path by 
any other way. 

All known substances are to a greater or less degree conductors of 
electricity, but it is usual to speak of them as divided into two 
distinct classes, those offering little resistance being called conductors, 
and those offering a high resistance being called insulators, Amongst 
conductors are classed all metals and their alloys, carbon, acidulated 
water, and many metallic solutions; but it is only with the first of 
these that we are concerned, and of the metals practically only two 
are used, viz., iron and copper, the first being aaa for overhead tele- 
graph wires and such like p s only, whilst the latter is always 
used for the conductors of om es for electric lighting, and other pur- 
poses where large currents have to be transmitted. A great variety 
of substances are used as insulators according to the particular condi- 
tions to be fulfilled, the most important being air, wood, slate, porce- 
lain, glass, mica, ebonite, silk, cotton, and other fibrous materials, 
a India-rubber, waxes, oils, and resinous and bituminous 
compounds 

In one form or another most of these have been tried as insulating 
materials for electrical conductors, and we at the present time have 
occasion to be thankful to telegraph engineers, in that they by their 
40 years’ experience of underground work have shown us many 
methods of insulating conductors which should be avoided, and have 
given us many hints as to the most likely direction in which we may 
find success. I do not wish it to be thought that I consider the cable 
which is best for age? gon purposes is also best for electric lighting, 
since the conditions of usage are very different, but rather that, 


making due allowance for the difference in working condition, much - 


valuable information maybe gained from a study of the history of 
underground telegraph wires. 

Before describing the several kinds of cable most frequently used, 
it will be well to state briefly what are the requisites of a perfect 
cable. In the first place, the conductor should have as low a resist- 
ance as possible for a given weight per unit of length, which means 
that the copper should be pure, and in this respectwe cannot expect 
to make any very great advances, as copper wire can now be obtained 
pre sceoaag un | which has 98 per cent., and, in some cases, over 

2a cent. of the conductivity of the standard of Matthiesen, 
whic was supposed some few years ago to be the nearest 
approach to chemically pure copper that could be obtained in the 
laboratory. The conductor should also be flexible, and this condition 
is met by forming it of a number of small wires stranded together, 
instead of a solid wire. The insulating material used must have a 
fairly high specific resistance ; it should be homogeneous and water- 
proof; it should be mechanically strong and not easily abraded; it 
should have ‘sufficient cohesion to prevent the conductor sinking 
through it at high temperature ; and should be flexible, so that it will 
not suffer e from bending even at low tem tures ; and most 
important of it should be durable, physically and electrically ; 
that is to say, that it should, under all conditions of temperature and 
other surroundings, retain unimpaired whatever good qualities it pos- 
sessed when new for as long a time as possible. In addition, the 
weight, bulk and cost of the finished cable should be as small as pos- 
sible consistent with the due fulfilment of all the requirements 
named above, and the cable should be so constructed as to allow of 
joints being well and easily made, without reducing appreciably its 
insulation resistance per unit length. I am afraid that at the present 
time no cable fulfils all these requirements satisfactorily, as the best 
cables are, in the opinion of many, too costly, and the er cables 
fail in tet oP nent one to come up to the required stan . 

The ins cables which are in use at the present time may be 
divided into two classes: (1) those which depend for the retaining of 
their insulation on a watertight metallic covering outside the dielec- 
— proper, and (2) those in which the dielectric is itself supposed to be 

roof, and which are therefore independent of any such metallic 
covdiling In the first class are included all cables in which fibrous 
material, such as jute, hemp, or cotton, impregnated with an insulating 
— und is sulk and such cables are made by the Fowler-Waring, 
oud-Borel and Callender companies, by Siemens and many 
j eon and Continental manufacturers, and also by others whose 
names are more generally known in connection with am methods of 
insulation, 

The Fowler-Waring cable is insulated by wrappings of jute or flax 
impregnated with a hydro-carbon compound, said to be a residuum of 
petroleum, and then pobre with lead by the cold process. 

In the Berthoud-Borel cable the conductor is wrapped with spiral 
layers of cotton, and boiled in a mixture of linseed oil and resin, and 
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then covered with lead by the hot*process. This lead-covered cable 
is then wrapped with compounded tapes, and a second lead covering 
put on. 

In the Callender cable the conductor is wrapped with jute, and 
boiled in bitumen. It is then wrapped with parchment tape, an 
covered with lead by the cold process. 

“The Siemens cable is insulated with jute impregnated with a 
compound called by the makers “ caoutchicine,” and then covered with 
lead by the cold process. 

In all these cables the lead covering is protected by being served with 
jute or tapes treated with a compound such as asphalte and tar, or 
similar material, and when they are to be laid in the ground, and not in 
a conduit, the cable is armoured over all by iron wires or tapes. The 
Siemens cable, which is always laid in this manner, has |two reverse 
laid layers of iron strip put on spirally, outside which again comes a 
serving of compounded jute. The joints in these cables may be 
made by soldering the copper in the usual way and then wrapping 
the joint with prepared tapes. After this a sleeve of lead previously 
slipped over the end of ‘one of the lengths of cable is passed over 
the joints and fixed to the lead coatings on either side by wiped 
joints. This sleeve has a hole made in it near the centre, through 
which insulating compound is passed to fill up all spaces and make 
the joint solid. In some cases this method is not followed; for in- 
stance, the joints in the Siemens cable are made in special joint boxes 
made in halves. The outer coverings of the cable are stripped off and 
the conductors clamped together not soldered. The two halves of 
the box are then bolted together so as to enclose the joint and to grip 
the cable tightly at each end where it enters. The box is then filled 
with a heavy insulating oil through a hole at the top, which is after- 
wards stopped by a screw plug. The Callender cable is also some- 
times jointed by clamping the conductors together inside a box which 
is made as water-tight as possible. 

From the above description it will be seen that the differences 
existing between the cables of various makers are in the insulating 
compound, the exact nature of which is kept a secret, so that discus- 
sion of their relative values is not possible; and in the method of 
putting on the lead covering. The two methods which I have called 
respectively the hot and cold processes differ in this way. In the 
hot process the lead in a molten condition passes out through a die, 
in the centre of which moves the cable to be covéred, whilst in the 
cold process the lead at a temperature far below its melting point is 
forced through the die by the application of great pressure. This 
latter process, therefore, has the advantage that the lead covering 
is put on under considerable pressure, and is therefore less porous 
and stronger than when put on by the hot process, and also that the 
covering is much more uniform in thickness since the lead does not 
allow of the covered conductor sinking into it in the way that it does 
in the hot process. 

In all cables of this class it will be seen that the original value of 
the insulation resistance is dependent on the complete expulsion of 
all moisture from the fibrous material, and that the permanency of 
the insulation can only be maintained by keeping the fibrous mate- 
rial, which is very hygroscopic, from contact with moisture by an air 
and water-tight casing. Although great improvements have been 
made in the manufacture of cables of this class, they are still in my 
opinion open to the following objections :— 

1. Since the insulation depends on the thoroughness with which 
the moisture is extracted, and this is done by the application of heat 
which greatly weakens the fibrous material, there is the danger 
of damaging the fibre or not completely drying it. So far as my ex- 
perience goes, the success attending this operation is not uniform, so 
that cables which should be similar do not test the same, and it 
would therefore appear difficult to decide whether an insulation re- 
sistance which was below the average was due to a uniformly lower 
specific resistance, or to a local fault which ought to be removed. 

2. Slight flaws in the lead covering, even if small enough to escape 
detection as mentioned above when the cable is tested in the factory, 
will in time lower the insulation resistance considerably. 

3. The lead covering is more liable to be damaged by bending and 
coiling and uncoiling from drums than a flexible insulating covering, 
and the lond-covenlll cable is not so easily handled, owing to its being 
less flexible and more weighty and bulky than cables without metallic 
covering. 

4. Owing to the hygroscopic nature of the fibrous material, there is 
great risk of the insulation resistance being lowered whenever the 
lead casing is opened and a joint made. 

5. The dielectric not being homogeneous, and the component parts 
having different rates of expansion, the existence of cracks and 
fissures is probable, and these cracks offer easy paths for disruptive 
discharge. Owing to the trouble due to this cause in are light 
circuits in America, it was found necessary to double the thickness of 
the dielectric, making it ,4,inch instead of -inch. 

6. In some: soils the lead covering has been found to perish very 
quickly, due to chemical action, and the destruction of the lead at 
oncs causes faults in the cable. 

For the second class of cables the insulating material should itself 
be waterproof, and amongst the substances tried for this purpose are 
nigrite, kerite, and okonite—all of which are better known in America 
than over here—bitite, gutta-percha, and India-rubber. The first 
three are all mixtures of rubber with some other substance, the exact 
composition of which is a secret, and they have all been ‘used with 
varying success in America for underground work; but, so far as I 
know, none of them have yet been tried undergronnd in England. - 

Bitite, which is the insulating material used by the Callender Com- 
pany, is ‘said to be bitumen absolutely refined to purity and vulcanised. 
This class of cable has been used a good deal underground for low- 
7 systems, and in one or two instances for high pressure. 

ersonally, I have had no rience of the use of this cable; but 
from my general knowledge of Leondnene substances, and from par- 
ticulars given in the press, I should expect to find that the specific 
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insulation resistance was low, and that the conductor was liable to 
uncentre owing to insufficient cohesion in the insulating material. 

Gutta-percha, for many purposes the best insulating material that 
can be got, has earned a justly bigh reputation for all] submarine 
work; but for the generality of electric light work it is utterly un- 
suited, as it dces not stand exposure in a dry atmosphere or changes 
of tem ure, becoming brittle at a temperature of between 30° and 
40° Fah., and sc ftening at about 100° Fah. In fact, the situation as 
regards gutta-percha may be summed up by saying that when of good 
quality, and properly applied, it can hardly be excelled if kept in 
water at a temperature of from 40° to 80° Fah., but that under any 
other circumstances it takes a much lower place in the list of insu- 
lating materials. It is, however, as you no doubt know, used to a 
very great extent by the Post Office and others for underground tele- 

hh and telephone wires; and for this work, when the conductor is 
light, the heating due to the current negligible, and the cable kept at 
a fairly constant temperature in a moist atmosphere, it gives very 
satisfactory results. 

The insulating material of which I have most experience is India- 
Tubber, and, in my opinion, it is the one from which the best results 
are obtained. This opinion, if we put on one side the question of 
price is, I believe, pretty general; as practically the only objection to 
the use of good rubber cables is that they are expensive. India- 
rubber insulated cables are made in various ways and of very different 
qualities, and it is therefore necessary to distinguish between the 
several kinds of cable, and to put certain limitations on the general 
statement made above. As first used for electric light work, a rubber 
cable consisted of a conductor around which was lapped spirally one 
or more layers of pure rubber tape, and on this a protective covering 
of tapes or braiding. This class of cable, although it has done very 
good work in internal wiring, is not satisfactory for use out of doors, 
since the covering is neither homogeneous nor waterproof, nor can a 
sufficient thickness of it be put on, without excessive cost, to stand 
the mechanical strains of handling. The rubber in the form of pure 
tape is also very susceptible to changes of temperature, and the de- 
composition which always takes place in unvulcanised rubber is much 
helped by the application of heat. The statement just made that a 
pure rubber cable is not waterproof has been combatted on several 
occasions, and tests of this cable in water have been quoted. It is 
quite true that such a cable can be made to test in water by warming 
it, which makes the adjacent strips of rubber stick together ; but when 
this is done it is at the expense of the durability of the rubber, as 
this very tackiness which causes the strips to stick to one another is 
one of the first results of decomposition. 

The next step made in the manufacture of rubber cables was to use 
a compound rubber instead of pure rubber, and although at first sight 
this may appear a retrograde step, yet it really was a considerable 
advance, as in the first place it allowed the rubber to be put on the 
conductor as a continuous coating, and under pressure, which made 
a much more homogeneous covering than the pure rubber, and, 
secondly, it allowed a greater thickness of the material to be used 
without the cable becoming excessively costly, the result of which 
was that the compound rubber cable was able to withstand handling 
and rough usage much better than one insulated with the usual 
amount of pure rubber. As regards durability there was, however, 
still something to be desired, as even the best compound rubbers 
were liable to injury by extremes of heat and cold, though in a less 
degree than the pure rubber, and were liable to become either too 
hard or too soft according to the mixture used and to the treatment 
of the eable, thus losing their flexibility. These physical changes 
naturally brought with them electrical changes, which were shown by 
a falling off in the value of the specific insulation resistance. 

Cables such as I have been describing were, however, thought to 
be sufficiently good for all the requirements of the work done until a 
few years ago; when, owing to the increase in the amount of electric 
lighting work, to the use of higher pressures, and to the necessity of 
laying cables underground, a demand began to arise for a more per- 
fect and more durable type of cable, and to comply with this the 
vulcanised rubber cable was produced. Looked at in the light of our 
present knowledge, it scems strange that we should have been con- 
tent with the older types of cable for so long, since the use of 
vuleanised rubber was no new thing ; indeed, except for electric light 
cables, it would have been difficult to find any manufactured rubber 
articles where the rubber was not vulcanised ; and even so long ago 
as 1868 the necessity of treating the rubber in this manner was re- 
cognised, when it was used as the insulating material of the core of 
a submarine telegraph cable. I speak under correction, but I believe 
that the first instance of cables of this class being used for electric 
light work was in 1885, when two ships were wired for Messrs. Har- 
land and Wolff with vulcanised rubber cables by the Silvertown Com- 


pany. 

Vulcanisation is brought about by mixing a small quantity of 
sulphur with the rubber, and submitting the mixture under pressure 
to a temperature of about 300° Fah., when the sulphur combines 
chemically with the rubber, and thereby neutralises the effects of 
ro solvents, which, so far as I know,-cannot be otherwise got 
rid of. 

This « lass of cable, as now generally manufactured, consists of a 
stranded conductor of tinned copper wires, around which is first 
nee a coating of pure rubber. One or more coats of vulcanising 
ru are then put on under pressure, according to the thickness of 
dielectric required, and the core thus made is tightly a with 

tape. At this stage it is removed to the cures, where the 
rubber is vulcanised, and then, after being tested in water to see that 
the rubber covering is mechanically perfect, and of the proper quality, 
the core is taken to the braiding or taping machines, where the outer 
covering of compounded cotton, flax or tapes, which is designed to 
protect the + from injury is put on. It is this last form of 
rubber eable which, when first-class rubber is used, well mixed, put 
on under considerable pressure and carefully vulcanised, gives, in my 


opinion, better results than any other kind of cable which bas yet 
been produced. Such a cable gives a high and uniform insulation re- 
sistance, and the insulating material is waterproof and homogeneous, 
is sufficiently tough to prevent the conductors from uncent , 
stands a high temperature without softening, is flexible and will stan 
handling and bending about witheut injury, and, finally, is very 
durable. When used for out-of-door work the utmost care ‘should be 
taken in making the joints, which should always be vulcanised, and 
when this is done by experienced men the cable with its joints should 
still test as high per unit length as the separate pieces of cable before 
jointing. 
. A me method of making these joints is as follows. The copper 
joint should be carefully soldered with resin as a flux, and finished 
smooth and clean. The ends of the rubber which have been exposed 
during the making of the copper joint should then be pared down to 
as long a taper as can be one. The bare conductor and the tapered 
surface of the rubber is first lapped tightly with one or more layers 
of pure rubber strip, and then with one or more layers of vulcanising 
atin, eare being taken to lap the rubber so as to exclude air. The 
joint thus made is tightly bound up with prepared tape, is then 
covered by a piece of sheeting, making a longitudinal seam, and firmly 
bound round with selvedge tape. The sheeting and selvedge tape act 
as a mould to keep the joint in shape during the vulcanising process, 
and are removed again when this is completed. The bottom half of 
the cure, which is a cast-iron box with a bolted cover, and haying 
cylindrical openings at each end, is then placed under the cable so 
that the joint is wholly within it. The cable, where it passes t 
the end openings is wrapped with common rubber to protect the 
original insulation from heat and to make tight joints at the openings, 
the cover is bolted on, and molten sulphur is poured into the cure 
through a hole in the cover. The sulphur is heated by one or more 
spirit lamps placed under the cure, and the temperature is noted b 
a thermometer placed in the molten sulphur, and projecting throug! 
the hole in the cover. For the rubber used by the Silvertown Com- 
pany, the temperature should be maintained at about 290° to 300° 
Fah. for half an hour. The molten sulphur is then run out through 
a tap in the bottom of the cure, the cover removed, and the joint 
taken out and the wrappings stripped off. A rough test of the suc- 
cess of the process may be made by indenting the rubber when cool 
with the thumb-nail. The rubber should be springy and yield to the 
pressure, but no mark should be left. If the mark of the nail 
remains in the rubber, or the rubber is hard and unyielding, the joint 
isnot a good one. If good, the joint is finished by lapping it with 
repared tapes extending a couple of inches or so over the original 
raiding on each side of the joint. If the hands are kept dry and 
clean, and care is taken that the surface of the original insulation is 
clean, and that the new rubber is applied so as to squeeze the air out 
before it, joints of this kind present no great difficulties. For out- 
door work a good sized jointers’ tent should always be provided, so 
that the jointer and his work may be protected from dust or rain. 

I now propose to describe another class of insulated conductors, 
which, although they cannot be called cables, are yet supplied insu- 
lated and protected from the factory. They differ from the cables in 
that they are supplied in short rigid pieces, which are jointed together 
as they are laid. The first example of this class, and one which has 
been extensively used for many years for the low pressure three-wire 
systems, is the Edison tube. The conductors are solid copper rods, 
which are first spun over with dry string, and then placed three 
together in the proper positions in the centre of a steel tube. This 
tube is then connected to a pump, and a vacuum created, after which 
a hot bituminous compound is drawn in to fill up all — in the 
tube which is not already occupied by the conductors. ese tubes, 
which are about 20 feet long, are laid in the ground, and are con- 
nected together by split junction boxes, which embrace the steel tube. 
The copper conductors, which project a little at each end beyond the 
tube, are connected by short lengths of flexible copper cable, the box 
is bolted up tight and filled with hot bituminous compound. Where 
branches are taken off, T-shaped boxes are used, and the same 
method of jointing and insulating is followed. ; 

Another example of this class is the Ferranti concentric main, 
which has been laid to convey the high pressure current from Dept- 
ford to the transformer stations from which the distributing network 
starts. This main consists of an inner tube of copper about 
20 feet long, and }¥-inch external diameter, on which are wound 
layers of brown paper, steeped in a hot bath of special wax, until the 
diameter is about 1jth inch. This insulated tube is then slipped into 





another copper tube, which is drawn down through a drawplate till 
it fits tightly over the insulation. The outer tube is then insulated 
in the same way with prepared paper to a thickness of rather less than 
4th inch, and is slipped into a steel tube provided with a hole in the 
middle of its length. Hot wax is then forced by a pump through the 
hole, so as to drive out the air and make a solid mass between the 
outer copper tube and the steel tube. The tube is then taken to the 
lathe and the ends are turned to a 6-inch taper, one end male, the 
other female. At one end a solid copper rod, about 18 inches long, is 
driven half its length into the inner tube, and a sleeve of copper is 
slipped over the outer copper tube and fixed in place by being corru- 
gated, so as to form two or three circumferential indented rings. The 
tubes are now ready for laying, the jointing being completed during 
that process by fitting the projecting tapered end of one tube into the 
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recessed taper end of-another and drawing them up tight by hydraulic 
pressure, whilst the joint is slightly warmed to make the tapered 
surfaces of the paper adhere to one another. The copper sleeve 
already fixed to one length is now fixed to the other by corrugating 
it in a similar manner, and a short length of steel tube, containing a 
sleeve of prepared paper which ‘had been slipped over the end before 
the two lengths were jointed, is drawn over the joint. This short 
steel tube is reduced in diameter at each end so as to nearly fit the 
steel tubes which form the outer protection of the concentric main, 
and after hot wax has been forced in to fill up the space not already 
occupied by the paper sleeve, these reduced ends ave fixed to the pro- 
tecting tubes by corrugating them. 

There is yet another class of insulated conductor in use, viz., that 
where a bare copper conductor is supported at intervals on glass or 
porcelain insulators and elsewhere is surrounded only by air; but as 
it is difficult to describe the insulated conductor apart from the 
culvert in which it is laid, I propose passing on at once to the con- 
sideration of methods of laying mains underground, and to describe 
one or two systems of bare conductors when speaking of the work 
actually done by the supply companies in London. 

There are two distinct systems on which underground mains can 
be laid, viz., the drawing-in-and-out system and the built-in system, 
the essential difference between the two being, thatin the drawing-in 
system the pipes or conduits are so arranged that the mains can be 

wn in or out at any time without disturbing the surface of the 
road, whilst in the built-in system, access to the main js only pos- 
sible by opening up the road each time. 

Now an important item in the cost of laying underground mains, 
more especially in towns, is that of opening up and making good 
again the roadway or pavement. This expense, of course, varies a 
great deal according to the kind of paving to be taken up, the most 
expensive being asphalte and wood paving. As an example of what 
may have to be done, I may mention a case, where in order to lay a 
3-inch pipe across one of the leading thoroughfares in London, wood 
paving had first to be taken up and then 18 inches of concrete, after 
which we had to go down another two feet to avoid a nest of gas and 
water pipes. The pipe being laid we had to fill in again and temporarily 
make good the road surface, and then pay vestry charges to the amount 
of about 12s. 6d. per yard for relaying the roadway. In this particu- 
lar case we were only allowed to work between midnight and 8 a.m., 
and had to leave the roadway in condition for traffic at the latter 
hour. This is of course an extreme case, which does not often occur, 
more especially as, whenever possible the mains are laid under tbe 
footway ; but with even the most favorable conditions the expense of 
opening up and making good is a considerable item, and should 
therefore be incurred only once. Herein lies one great advantage of 
the drawing-in system, as the ground once opened, pipes or troughs 
can be laid of sufficient capacity to carry cables which will serve to 
supply the greatest demand likely to arise, and the éables can be 
drawn in afterwards as that demand occurs; whereas with the built- 
in system, conductors of the full capacity must either be laid at first, 
when perhaps it is not convenient to spend money on insulated copper, 
which may not be actually required for some time, or else the ground 
must be reopened whenever additional mains are required. Again, 
it may at times, though rarely I hope, be necessary to cut out 
a fault, and the localising of a fault with accuracy is a much more 
difficult operation on electric light circuits than on telegraph or tele- 
phone circuits, so that although one may be able to say that it is 
somewhere between two points, say twenty yards apart, yet one 
cannot say exactly where. Now with the drawing-in system the 
faulty cable between two surface boxes can be drawn out and 
replaced by a good length, whilst with the built-in system it will be 
necessary to dig up the cable and examine it until the fault is found, 
and this latter task is no easy one, since cables laid in the ground are 
always protected by metal sheathing of some kind which may have 
to be cut off before the fault becomes visible. The advantage claimed 
for the built-in system is that it is cheaper, as no pipe or conduit has 
to be laid, but on the other hand it must be remembered that the cable 
must be protected in some way against mechanical damage, generally 
by sheathing it with iron, and the cost of this sheathing goes to reduce 
the difference in price. Although, perhaps cheaper in first cost, the 
built-in system must I think cost more for maintenance and laying 
additional mains, and it will not therefore in my opinion prove the 
cheaper in the long run. 

There is one other point in favour of the drawing-in system, and 
that is that it causes less inconvenience to the users of the roads and 
pavements, a point which must appeal strongly to local authorities ; 
indeed it would not surprise me if they were to use their influence in 
the near future to get a drawing-iv system made compulsory by the 
conditions of the provisional orders. 

Conduits for a drawing-in system may be cement, lined brick or 
concrete trenches, metal or earthenware pipes or troughs, or casings 
such as the Callender-Webber casing. Where brick or concrete 
trenches are used for a number of cables, they should be divided by 
longitudinal partitions into distinct ways to prevent the several cables 
from crossing or fouling one another. Cast iron pipes are frequently 
used, and make a strong and thoroughly satisfactory conduit ; wrought 
iron pipes are not so good as even when galvanised or served with 
jute soaked jn bitumen; they do not last so long in the soil. Iron 
troughing is sometimes used where a number of cables are to be laid, and 
for this purpose it should be divided longitudinally like the brick 
trenches. Earthenware conduits, although used in various forms in 
America, have not found much favour in England owing to their 
friability. The Callender-Webber casing of bitumen concrete is being 
used to a fair extent in London, but it is more friable and does not 
afford such a good protection against the picks of workmen as metal 
pipes or troughing, and its susceptibility to changes of temperature 
makes it necessary to shift the cables periodically to prevent them 
from adhering to the casing. 

For durability, economy of space, and complete protection of the 


cable from mechanical injury, the best conduit is, in my opinion, 
made of cast iron socket pipes, each line of which may carry two 
cables, unless these latter are very heavy, in which case it is best to 
place only one cable in each pipe. For feeding mains, a surface box 
of cast iron or brickwork, with an iron cover frame filled in to suit 
the surrounding paving, should be fixed at each corner where the 
direction of the pipes is changed, and in straight runs at about every 
100 yards, or perhaps less for very heavy cables. For distributing 
mains, surface boxes should be placed as above, and also at any place 
where-important branches are led away; and provision should be 
made for taking off service wires to houses by substituting, opposite 
every alternate party wall; a length of split pipe for the ordinary 
pipe, this split pipe being provided with sockets into which the 
service pipes can be screwed. This system as described above for 
feeders, has had a long and very satisfactory trial at the hands of the 
Post Office Telegraph Department, and of their predecessors, the 
private telegraph companies ; the use of cast iron socket pipe conduits 
with a drawing in-and-out system having steadily increased since the 
time, more than forty years ago, when the Electric Telegraph Com- 
pany first commenced laying underground wires in this manner. I 
am unable to state the exact mileage now of the Postal Telegraph 
Department on this system, but in 1887 there were 240 miles of pipe 
containing 12,000 miles of wire underground, and this has probably 
been increased since then. 

As the pipes are laid, a wire should be threaded through them, the 
ends of which are made fast at the surface boxes; and care should be 
taken to examine each length of pipe to see that the inside is smooth 
and that the way is clear through it, as any obstruction left in the 
pipe may be the cause of much trouble when cable laying is com- 
menced. Should any obstruction be left in the pipe, or should the 
wire or hauling rope break, rods preferably of cane, say, 4 ft. to 6 ft. 
long, with screw ferrules at the ends, are required. These rods are 
passed into the pipe, and jointed together as they go in, and are 
used either to push out the obstruction or to pull in a fresh line. 

When cable is to be laid, it is brought on drums, which are fixed so 
that they can revolve on stands near the surface box. By means of 
the wire left in the pipes, a hauling rope is first pulled through, one 
end of which is attached by a strong but smooth fastening to the 
ends of the cables, and the other is pulled out above ground ata 
surface box further along the route. By pulling on the rope at this 
place it is pulled through the pipe, and it, in turn, pulls the cable 
after it. As the cable comes out of the surface box, it is coiled or 
flaked on the ground ready for passing into the next length of 
conduit. It is necessary to bring the cable out and coil it at each 
sharp bend, and in straight runs at intervals according to the weight 
of the cable, which determines practically the length that can be 
pulled at one time. The outside of the cable may be lubricated by 
rubbing it with soft soap which greatly reduces the friction. 

To obtain the full advantage of a drawing-in-and-out system, the 
mains should be divided up into sections which can easily be sepa- 
rated from ore another, these junctions being more especially neces- 
sary where branches are taken off the main. Although this may be 
arranged with comparative ease in all low pressure systems, it is not 
so when high pressures are used owing to the greater difficulty of 
preventing surface leakage of a serious amount, and we therefore find 
that in some systems it has been thought better to sacrifice some of 
the advantages of a complete drawing-in system so as to get the con- 
ductors covered, from start to finish, with a continuous coating of 
insulating material.. Any continuously insulated flexible cable can 
be used in connection with a drawing-in system, the particular type 
chosen depending on the conditions under which it is to be used, and 
we shall see when we come to the description of bare conductor 
systems, that it is possible also to arrange them on a drawing-in 
system. 

The built-in system may take several forms, viz., that of a 
rigid conductor in short lengths, like the Edison and Ferranti tubes, 
either laid direct in the ground or in a boxing filled in with cement or 
bitumen, or a bare conductor system such as will be described later 
on; or finally, that of a continuously insulated cable, arranged in one 
of the following ways: The cable may be armoured with iron wires 
or tapes, and laid in the ground with a board over it to indicate its 
presence, a plan often followed for cheapness sake, but one that is 
not, in my opinion, advisable, as the mechanical protection is not 
sufficient ; or it may be laid in a metal or wooden trough which is 
afterwards filled in solid with bitumen or some such substance, a 
plan often followed with the idea of adding to the insulation of the 
cable proper by means of its surroundings. 

(To be continued.) 





PARLIAMENTARY NOTES. 


Tue Crry anp SourH Lonpon Raiway BI. 


Tuts Bill having been read a second time on Friday, 

Mr. T. H. Botton moved, “That the committee do insert clauses 
in the Bill providing either (1) for payment to the local authority 
of a royalty or share of earnings after interest on capital and working 
expenses ; or (2) for specially reduced fares on certain trains between 
hours most convenient for the working classes and for clerks and 
others engaged in business, the railway company being required to 
run a specified number of such trains daily.” He said that the House 
would remember that during the discussion which took place a short 
while since on this subject, he suggested two ways of compensating 
the public in these matters—namely, by giving a royalty to the local 
authorities, or by giving them a share of the earnings after interest 
on capital and working expenses had been paid. The right hon. 
‘gentleman, the Chairman of Committees, suggested another way, and 
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that was by ‘a provision for cheap fares. In deference to the right 
hon. gentleman he withdrew his instruction, but at the same time 
the impression was left on his mind, and he believed on the minds 
of other menfbers of the House, that this question should be con- 
sidered by the committee ; but counsel who appeared for the promoters 
ignored what had taken place in the House, and treated the subject 
of his motion with indifference, stating that he had withdrawn the 
motion because it had been unfavourably received by the House. He 
had, therefore, put the motion on the paper again. He did not pro- 
pose to re-argue the claims of the public, because he believed it was 
generally admitted that the public bad a very substantial interest in 
the matter. The promoters themselves took a most sanguine view of 
these tunnel undertakings. In one of them it was proposed to pro- 
vide. facilities for carrying as many as 350,000 people a day, and 
the railway which was already working on the other side of the 
Thames had in a little over two months carried 900,000 passengers. 
That was conclusive evidence that the privilege asked for was one of 
enormous value, and therefore it was the duty of the House to take 
care that the public interests in the matter were very well looked 
after. Having no interest except the public interest at heart, he 
moved the instruction in no spirit of hostility to the undertaking, 
but he believed that this was so good a thing, that the company could 
well afford to give the public some return for the very large Parlia- 
mentary powers they asked for. 

Mr. Barttey said that Parliament was giving great rights to the 
companies by these Bills, and he thought they ought to pay for those 
rights. One of the great difficulties in London was the ever increas- 
ing rates, and this seemed to him to be a reasonable way of getting 
some return for the rates. He would himself prefer that the com- 
panies should pay a royalty. He therefore strongly supported the 
instruction to the committee that where these companies did make 
use of the subsoil of the roadway, they should pay to the lecal 
authorities a suitable sum. 

Mr. EsstEMontT opposed the instruction, and thought that they 
should take care to provide that the local authorities might take 
these concerns into their own hands. 

Sir J. Puteston opposed the instruction. 

Mr. Courtney suggested that the hon. member should wait until 
the committee finished their work before moving this instruction, 
which was.premature. He strongly deprecated the moving of this 
instruction just at the time the committee were considering the 
matter. 

The House divided, and the numbers were— 


For the instruction a 224 oe 
Against =_ ae ons oe soo: 
Majority against... a —s 


Mr. T. H. Bouton moved a similar instruction in connection with 
the Central London Railway Bill. 

The instruction was negatived without a division, as was also a 
similar instruction moved by the hon. member in connection with the 
South Kensington and Paddington Subway Bill. 


CENTRAL Lonpon Ratiway BILL. 


A Select Committee of the House of Commons (consisting of Mr. 
Hanbury, chairman, Mr. Barran, Mr. F. Parker, and Mr. Lawrence 
Gane) commenced last week the enquiry into the electric under- 
ground railway scheme, promoted in Parliament this Session for the 
second time, and known as the Central London Railway Bill, a 
formidable array of counsel is engaged. The counsel for the pro- 
moters are Mr. Pember, Q.C., Mr. Saunders, Q.C., Mr. Freeman, and 
Mr. Crawford Munro. 

Mr. PEMBER, Q.C., in opening the case for the promoters, said this 
was a very important measure, which came before Parliament for 
the second time. It was last year passed by the House of Commons, 
but was lost in the House of Lords; and it was no secret that the 
ground upon which it was lost in the House of Lords was that their 
Lordships thought it was a year too soon, there having then been no 
experimental working of the City and South London Railway—also 
an underground electric railway. The railway as proposed by the 
present scheme would start from Shepherd's Bush and a straight line 
along the Uxbridge Road, along Bayswater Road, past the Marble 
Arch, along Oxford Street, New Oxford Street, Holborn, Newgate 
Street, and Cheapside to the Mansion House and the Royal Exchange. 
A straighter line from the residential to the business part of the City 
could hardly be devised. The line was to be worked by electricity, 
generated at Shepherd’s Bush, and furnished along the route. Last 
year the length of line proposed was 44 miles; now it was 6 miles. 
The depth of the railway would be on the average 50 feet below 
the surface. The capital of the company was £2,700,000.in shares, 
with the usual amount of £900,000 borrowing powers, making a total 
share and loan capital of £3,600,000. This railway woild do precisely 
what no underground railway in London did-——it would go through 
great business thoroughfares, would tap a great traftic, and would, 
therefore, denude the streets to a great extent of the present sur- 
plusage of traffic. There would be 13 stations—viz., at Cornhill, 
Newgate Street, Chancery Lane, Bloomsbury, Tottenham Court Road, 
Oxford Circus, Davies Street, Marble Arch, Westbourne Grove, 
Queen’s Road, Notting Hill Gate, Lansdowne Road, and Shepherd's 
Bush, the intervals between the stations being something less than 
half a mile on the average. There would be*no interference with the 
streets except at the 13 different stations, where the shafts existed ; 
there would be no noise or vibration in working; there would be two 
separate and distinct tunnels—one¢ for up and the other for down 
trains—and each train, as it passed through, would make its own ven- 
tilation ; there would be stairs from the streets to tle stations for 
those who preferred them, but he imagined the great majority of the 
passengers would use the hydraulic lifts which would be provided for 
them. The maximum speed at which the.trains would be run would 


be 25 miles an hour, including stoppages, but they would actually do 
the journey from Shepherd's Bush to the City at the rate of 15 miles 
an hour. That was about 25 per cent. quicker than the trai 1s on the 
Metropolitan Railway. The learned counsel quoted figures to show 
the enormous growth of traffic in the streets of the metropolis, and 
then proceeded to refer to the petitions. He pointed out that, 
whereas last year there were 37 petitions against the Bill, this year 
there were only 27, and most of them were really taken up with 
details which were susceptible of adjustment upon clauses. So far 
as the promoters were concerned, they were willing to concede all 
that was fair and reasonable to meet the wishes of opponents, and 
they invited negotiations. It was suggested in some of the petitions 
that the line would not pay. All he could say was that the promoters 
were perfectly satisfied that it would be a commercial success, and 
satisfactory evidence would be given of the financial ability of the 
promoters. That the system of electrical traction was an undoubted 
success was shown by the experience of the working of the City and 
South London Railway, and of electric railways in America and else- 
where. Nothing whatever had occurred in the interval to shake the 
confidence of the promoters in the success of electrical traction. 

Mr. J. H. Greatueap, C.E. (consulting engineer of the City and 
South London Railway Company), was called as the first witness. 

In reply to Mr. SaunpErs, Q.C., he stated that he was, along with 
Sir John Fowler and Sir Benjamin Baker, engineer for the Central 
London Railway. The railway would be constructed very nearly on 
a straight line at the juunction of Cheapside with Newgate Street, 
close by the General Post Office. The worst gradient up which a 
train would have to travel was lin 100. As the result of borings and 
so forth, he had come to the conclusion that the line would every- 
where be well in London clay. Of course, he took the usual powers 
of deviation. With the exercise of these powers the nearest distance 
to which the line could approach the surface of the ground at any 
point on the route would be 27 fect 6 inches. 

In reply to the CHatrman, the Witness admitted that since it 
started there had been occasional hitches in the working of the City 
and South London line. There had been about twenty stoppages in 
two months, and the longest stoppage was for an hour and a half. As 
arule, however, the stoppages have only been for a few minutes. He 
had been kept waiting much longer recently on the Brighton linc. 

The Cuarrman : Have the stoppages arisen through a defect in the 
system, which can be got over ?—-Yes ; and they have been overcome. 
They were small defects of a mechanical kind which have been 
entirely got over. I am satisfied that the system is perfectly work- 
able, and will go on working satisfactorily. There were more 
stoppages during the first montn than in the second. 

Mr. GREATHEAD was cross-examined, but nothing important was 
elicited. ’ 

The Cuatrman repeatedly announced his determination not to 
allow cross-examination by counsel who had not heard the evidence 
in chief. 

On the resumption of the enquiry, Sir Bensamin Bakgr, one of 
the engineers of the proposed line and consulting engineer to the 
City and South London Railway Company, stated that he had had 
experience in the construction of railways during the last 25 years, 
and he considered that the proposed system was oue which would 
work advantageously in London. He had come to the conclusion 
that an elevated railroad, such as that in New York, would never re- 
ceive the consent of the County Council and other bodies; and, all 
circumstances considered, he was strongly of opinion that the method 
proposed in the Bill was the best means of carrying a railway through 
the heart of London. 

Dr. Hopkryson stated that the experience he had gained in con- 
nection with the working of the City and South London line had 
confirmed him in his opinion as to the success of electricity as a loco- 
motive power. As the men became more familiar with their work 
difficulties disappeared. He would be responsible for the electric 
working of the proposed line, and he was satisfied that it could be 
worked even more casily than the City and South London Railway, as 
the gradients and curves were easier and the line of route more 
direct. 

CounseEt for the promoters intimated that they had in attendance 
a larger number of witnesses, who were prepared to give evidence as 
to the necessity for the line in the public interest, and also police 
witnesses who could testify to the growth of the traffic in the streets 
along the route 

The CHAIRM.N said the committee did not think it would be 
necessary to biing forward any more evidence upon these points. 

Evidence was then given as to the power of raising money. 





The Select Committec continued on Thursday the hearing of the 
Railway Bill, when the case against the Bill was gone into. 

Mr. LittLer, Q.C., who appeared for the Ecclesiastical Com- 
missioners and the City of London, asked the committee not to hand 
over the important thoroughfares mentioned in the Bill to a specu- 
lating syndicate on the mere statement of an enterprising American 
that no harm would be done by the construction of the line, and that 
the necessary capital would be found. 

Mr. Cripps, Q.C., for the Vestry of Marylebone and Lord Portman ; 
Mr. GrauaM, representing the trustees of the Paddington estate ; 
aud Mr. BippEr, Q.C., on behalf of the trustees of the late Duke of 
Portland, having addressed the committee, 

Mr. Porg, Q.C., on behalf of the London County Council, argued 
that if the committee passed the Bill, they should insert a clause re- 
quiring the promoters to sell their undertaking to the County Council, 
or whatever the local authority might be, after a sufficient interval 
had elapsed, should the local authorities think fit to take it over. 
Forty-two years was the period fixed for electric lighting, and he 
suggested that that. period should be inserted in the present Bill. The 
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County Council were unanimously of opinion that. Parliament should 
insert a purchase clause before it assented to the handing over tothis 
syndicate of the main thoroughfares of the metropolis. 

The CuarrMan ordercd fhe room to be cleared, and the committce 
deliberated. On the public being readmitted, 

The CHAIRMAN announced the decision of the committec as follows : 
—We consider that the preamble is proved ; but we also consider that 
the scheme must be carried out as a whole if at all—that is to say, 
from one end to the other-—and for that reason, when we come to 
clause 48, we shall have to consider whether it would not be advisable 
—although we know it is a clause that has been cometo by agreement 
between the promoters and the Commissioners of Sewers—to alter 
that clause so as to limit, by arbitration or otherwise, the large powers 
given to the Commissioners of Sewers by the clause in its present 
shape. We foresee that Commissioncrs might so use their veto that 
they might say, “The line shall not go under Holborn Viaduct.” 
We say, if it does not run the whole length, then we don’t grant it at 
all. With regard to the claim ef the London County Council to have 
the right of purchasing the undertaking, we refuse that.. Then as to 
the question of subsoil, we think it only fair that Mr. Pember should 
be heard on that question. The committee accordingly adjourncd 
until to-day, when clauses will -be adjusted, and Mr. Pember will 
argue in support of the retention in the Bill of the clause which pro- 
vides that no compensation shall be given for the use of the subsoil. 
It may be mentioned that clause 48 is the clause which gives powcrs 
to the Commissioners of Sewers for the protection of Holborn 
Viaduct, beneath which the proposed line will run. 





The Select Committee of the House of Commons, presided over by 
Mr. Hanbury, which on Thursday passed the preamble of the Central 
Railway Bill, was engaged on Friday in the adjustment of the clauses 
of the Bill. 

Mr. PEMBER announced that the promoters had arranged with the 
Commissioners of Sewers a modification of Clause 48, which gives the 
commissioners the right to decide whether the railway shall be 
allowed to pass under Holborn Viaduct. The coniitions on which 
the line should be made beneath the viaduct would, in the event of 
difference arising between the parties, be referred to an arbitrator. 
Mr. Pember then proceeded to argue the compensation for the use of 
the subsoil question. 

The CHatrmay, after the committce had deliberated, announced 
that they had come to the conclusion that sufficient reason had not 
been shown for allowing the clause to the effect that the promoters 
should nt be liable to compensation for the appropriation and use 

, c£.the subsoil to stand in the Bill. They therefore struck it out. The 
committee, of course, gave leave to the promoters to take the subsoil, 
but they were not prepared to go beyond the provisions of the gencral 
law as to compensation, whatever they might be. 

Mr. PEMBER said the promoters would, in order to make matters 
quite clear, put in a fresh clause expressing their absolute right to 
take the subsoil. He quite understood that the committee, while 
giving them this right, declined to insert any words saying whether 
they should or should not have to pay for it. 

The CHatrman said that was the intention and effect of their de- 
cision. - 

Tt was announced that there were clauses to be arranged with, 
amongst others, the London County Council, the Marylebone Vestry, 
the Duke of Westminster, and the Dean and Chapter of St. Paul’s; 
and, at the suggestion of counsel, the Chairman agreed to postpone 
the further consideration of the Bill until Wednesday next. 


TELEGRAPHIC COMMUNICATION WITH CHILI. 


Mr. O. V. Morcan asked the Under Secretary of State of Foreign 
Affairs, whether he was aware the submarine telegraph communica- 
tions on the West Ccast of South-America, from Valparaiso, running 
north, were in the control of a United States Company, domiciled in 
New York, and the land line (the Trans-Andean), from Valparaiso to 
Buenos Ayres, was owned by a Chili-Argentine Company, domiciled 
in Valparaiso; whether the despatches recently received from the 
British admiral commanding the squadron on the West Coast cf 
South America, and from the British minister in Chili, reached 
London by cither cf these routes, and whether these despatches were 
in cipher or in ordinary language; and whether Her Majesty's 

. Government would use their influence with the Government of Chili 
to permit commercial messages to come freely. 

Sir J. Fercuson: Part of the northern line is in the hands of an 
English Company, part of an American.. The line to Buenos Ayres is 
in those cf a lccal company. The despatches received from Her 
Majesty's minister could only come by one cf these routes: they 
were in cipher. Scme from the naval Commander-in-chief were scent 
from parts in Peru. Chili is not a member of the Telegraph Union, 
and is therefore unrestricted as regards telegraph communications ; 
but; even if she were, the convention provides for the stoppage of 
private messages in ecde or cipher, where it is considered to be 
contrary to the interests of the State that. they should be sent. In 
these circumstances Her Majesty’s Government do not feel that they 
can at present make any representations on the subject to the Chilian 
Government. 


PrEss MESSAGES. 


In answer to Mr. Jacos Bricut, 

Mr. RatkEs said the payment of press telegrams is determined by 
Act of Parliamert, and no servant of the Post Office, whether efficient 
or inefficient, has power to vary the charge. It has been decided in 

. the High Courts cf Justice, that where an insufficient payment has 
been made at the counter in the first instance, the sender of a 
telegram is afterwards liable for the balance uf the charge. ©The 
fullest facilities are afforded to senders to recount their messages if 
they have »any doubt as: to the correctness of claims for further 


G 


payment. If the hon. member has in his mind .any case where these 
facilities have not been allowed, and will communicate the circum- 
stances to me, I will direct enquiry to be made. 


ExectricaL Motive Power on TRamways. 


The Select Committee, presided over by Mr. Hanbury, had before 
them yesterday a bill promoted by the North Metropolitan Tramways 
Company, for the use of electricity’as a‘motite power on lives from 
Clapton to Moorgate Street, and from Leytonstone to Stratford’ The 
London County Council had consented to grant a license*for’ seven 
years, on condition that guarantees were ‘given for the ‘safety of 
passengers and regulation of general traffic. The West Ham Corpora- 
tion also assented, but sought to impose a condition that the company 
should agree that at any time they*would,°on twenty-four hours’ 
notice, remove their engines and electrical plant. 

Mr. Popy, for the promoters, contended that ‘no. man in his scnses 
would contribute to the scheme if subject to such notice. 

Evidence for the promoters was given by Major-General Hutcutnson, 
of the Board of Trade, who said they had electrical experts to guide 
them in these matters: and by Mr. Goprrey, solicitor to the com- 
pany, who in cross-examination admitted that a former experiment 
with electric tramways made some years ago:was a failurc.. The 
Board of Trade could at any time stop the trams in the interests of 
public safety. 

The CHatRMAN said that was all the Corporation of West Ham 
asked for. 

Mr. ADAMSON, general manager of the Company, stated that they 
had 41 miles of streets, and in 1890 they carried 70,000,000 passengers. 
Between five and six years was the life of a tramway horse. The 
electrical battcries were quite isolated against coming into contact 


" with passengers. 


This concluded the promoters’ case. 
Without calling on the other side the Committee decided that the 
preamble was not proved. 








LONDON COUNTY COUNCIL. 


Ar the ordinary weekly meeting held on Tuesday, the Parliamentary 
Committee submitted the following report :— 


South Kensington and Paddington Subway Bill. 


We have been advised by the solicitor, engineer, and Parliamentary 
agent, that an independent engitcering witness should be ¢alled in 
support of the council’s opposition to the Bill." We haré considered 
this advice, and recommend that the engineer be authorised to retain 
Sir Benjamin Baker as a witness in support of the council’s opposi- 
tion to the South Kensington and Paddington Subway Bill. 


Central London Railway Bill. 


This Bill-has been under consideration by the Committee cf the 
House of Commons to whom it was referred, and who, on the 4th 
instant, declared the preamble proved. The council, it will be re- 
membered, did not oppose the preamble except so far as was neccs- 
sary to protect its sewers and other interests, and to obtain the inser- 
tion of clauses prohibiting buildings in advance of the general line, 
or such other provisions as will prevent traffic accumulating on the 
pavements at stations, and subjecting buildings over stations to the 
Building Act, as well as requiring the frontage line of buildings at 
the stations to be set back. It was also desired to secure a provision 
that clauses for the ultimate purchase of the undertaking by the local 
authority, similar to those at present contained in the Tramway or 
other Acts, might be inserted in.the Bill. Mr. Pope, who with Mr. 
Erskine Pollock, appeared in support of the petition, in submitting 
the council's case to the committee, pointed out that the under- 
taking was cssentially local in its character, and that from 
the great depth beneath the surface of the proposed line, 
and its class as an electric railway, with stations of a peculiar 
type, it was impossible that it could ever be connected with 
any general system of communication outside the metropolis. He 
pointed out that it was in fact a local metropolitan underground 
street, and never could form part of a gencral system; that the pro- 
moters had selected and laid down its course under land uncovered 
with houses and maintained open as a street at the public expense, 
in order to save the cost of acquiring its site; whereas, if they had 
designed the line to pass under houses, they would doubtless have to 
pay compensation to the owners and occupiers, and counsel there- 
fore urged-that this, like all similar undertakings, such as tramways 
and electric lighting schemes, should ultimately fall under local 
control, and that as railways are subject, under the Act of 1844, to 
purchase by the State, so this and similar undertakings, being esscn- 
tially and necessarily loca] in their character, should be subject to 
regulation, and, ultimately, to purchase by the local authorities. The 


. Select Committee, however, refused. to entertain the question of pur- 


chase. The clauses cf the Bill are now under consideration, and the 
course taken with regard to them will form the subject of a future 
report. A print of the’ proceedings before the Select Committce and 
of Mr. Pope’s arguments are as usual placed in the library for perusal 
of members of the council. ) 

Since the date of the report, the Committee. of the House of Com- 
mons have struck out of the Bill clause 56, which enabled the pro- 
moters to take the subsoil without giving compensation. The effect 
will) be to leave the promoters liable to payment of compensation 
under the Lands Clauses Act, for the land taken as well as for pro- 
perty injurionsly affected. ; 


[Marcu 13, 1891. - 
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Cc. H. W. BIGGS—HIS BOOK. 
(“ First Principles of Electrical Engineering” ? ) 


THE author of this book not only replies in your ELEeTRICAL 
REVIEW to my review of last week, but also reproduces that 
review and his reply in his own paper, the Zlectrical Enyi- 
neer. One good turn deserves another, for seeing that. he 
“amused ” and “ delighted” us so much, it is pleasant to 
find that he also is both amused and delighted, and that he 
cannot let such a good opportunity pass of advertising his 
novel production. 

I shall not bend to: notice his parody or his quotation 
from an English classic author, but at once close with him 
in regard to his rephes which he gives to the three or four 
errors in data and first principles of electrical engineering out 
of the dozen or more that I sent you to choose from. 

The first mistake to which I drew attention, was 
the statement at the foot of p. 133, viz, “Taking 
that every pound of coal consumed in the furnace of 
the boiler. should give 10,000,000 heat units, what 
part of this energy is obtained in the working circuit 
as given by the formula c? rn?” Mr. Biggs replies that 
this was a stupid blunder on his part, but clearly indi- 
cated by the text to be a blunder—where “ 10,000,000 heat 
units” is printed instead of “ 10,000,000 foot-pounds,” and 
no engineering student would be misled for a moment ?” 
Now, even allowing this to be a misprint, is not Mr. Biggs 
still further misleading the engineering student, and ignoring 
our reference to the everlasting nature of his fuel? On the 
one hand, he now gives us 10,000,000 foot-pounds of work 
obiainable from every pound of coal consumed in the 
furnace, without any reference whatever to the time it took to 
be consumed ; while, on the other hand, he asks what part of 
this energy is obtained in the working circuit, as given by 
the formula, ©? R! This formula, every advanced student 
will observe, expresses waffs, units of activity, rate of doing 
work, or foot-pounds per second. Will Mr. Biggs have 
the assurance to tell us that this has been another of those 
many printer's errors (viz., c? R for c? R ?, where ¢ expresses 
the time), or will he be manly enough to acknowledge the fact 
that he did not realise the all-important difference between 
“work” without reference to time, and the rate of doing 
work, or between“ joules” and “ watts” ? 

He might just as well have asked the stupid question 
what horse-power is obtainable in the steam engine from the 
burning of every pound of coal in the furnace of its steam 
boiler, without mentioning the time the coal takes to burn. 
Of course, if the coal came from Sheol or the Infernal 
Regions, as gently hinted in the review, then Time would 
be out of the question, since the fuel is supposed to be Ever- 
lasting ! 

This pulls Mr. Biggs down on one knec. Let us see 
whether he can stand en the other leg. 

I complied with Mr. Biggs’s request, and again read 

es 78 to 83, 106, and 114 to 155. It did not require 

is assistance to find out the missing letters on p. 107, for 

I had already noted them, together with many others 

throughout the book, although I cannot claim to be a 
printer’s reader. 

I again assert that the author is wrong in a most im- 

rtant first principle in regard to dynamos. He has got so 
inextricably mixed up with his “ loops,” “ looping,” and 
looped lines, that he inverts a well known experimental fact, 
and hangs himself thereby. ‘To state the matter concisely 
in simple words, Mr. Biggs asserts that when the conducting 
wires of a closed armature coil are moving through or euftiny 
a uniform magnetic field af right angles there is no E.M.F. 
or electrical pressure gencrated in them ; but that when they 
are moving parallel to the magnetic field (/.¢., cutting no 
lines), then the marimum E.M.F. is generated in them. 
This is a sample of the bosh in the book! At page 80 he 
gives a figure (68) in support of his arguments about looped 
lines, and near the foot of page 79 he distinctly says, “ Sup- 
pose the circuit R T B at the start horizontal,” /.¢., when 
the ideal armature wires are cutting the horizontal field af 
right angles. At the top of page 80 he says during this 
time the current is a minimum, but increases to a maximum 
when the coil is vertical, i.c., when the two wires are moving 
parallel to the horizontal lines of the magnetic field ! 


This is most certainly contrary to facts, proved over and 
over again by direct experiment. It is, moreover, contrary 
to the well-known writings of Prof. Silvanus P. Thompson, 
Prof. Fleming, Mr. Kapp and Mr. Esson,* and other well- 
known authors. 

Mr. Biggs could never have tested the armature of even a 
simple ideal dynamo for the positions of least and greatest 
electrical pressure. Let him add to his stock of testing appa- 
ratus a ballistic galvanometer, an electro-magnet giving a 
uniform field, and a search coil, and try practically to realise 
facts instead of. sitting in his editorial chair and posing as a 
writer of heterodox electrical engineering principles. Then, 
but not until then, he may be in a position (aided by a better 
draughtsman and a competent printer's reader) to write cor- 
rectly a book on “ First Principles of Electrical Engineering.” 

This brings Mr. Biggs down on his other knee! Will he 
cave in? I doubt if he will, for he will again desire to squeeze 
out of us all our prevailing ideas of + and —, and of the 
various kinds of inductions. Before giving him this chance 
it would be well to make a short quotation from page 84 of 
his book, if for no other purpose than to show the spirit in 
which he wrote his essays on the principles of the dynamo : 
“The great want of to-day in practical work is a practical 
unit, whereby to measure the number of lines of force.” 
(Why object to this term “ lines of force” and then use it so 
definitely here? Why not “loops” ?) “It is as simple 
as A BC if mathematicians and theorists had not thrown 
an almost impenetrable veil over the matter. The unit 
of the theorist is unworkable; it is one line through 
one square centimetre. Now, in the first place, not 
one workman in five hundred knows anything about 
centimetres. . * In English workshops, and out- 
side pedagogic school-rooms, measurement is made in feet 
and inches, but the pedagogues throw every possible 
obstacle in the way of ordinary men knowing what they mean, 
for the sole purpose, it seems, of making people believe the 
subject is difficult, when in reality it is exceedingly simple, 
and could, if put properly, be understood by almost every 
schoolboy in the sixth standard.” Weli done, Mr. Biggs ! 
But have you made it so very simple ? Although I have 
been intimately connected with the subject since its com- 
mencement, and have-read almost every British publication 
of note on electrical engineering, | have never before read, 
and I hope never again to have to read so many bewildering 
statements as I find in your “ pettifogging little book.” 
Why, for example, do you adopt a different “ unit of heat” 
from every British workman? He is accustomed to the Fah- 
renheit scale and to the British thermal unit, as expressed by 
the quantity of heat required to raise 1 lb. of water by 
1° Fahr. (say from 60° to 61°) ; also to Joule’s equivalent of 
772 foot-pounds =1 B.T.U. Why, therefore, torment him 
with unusual units—viz., “1 lb. water raised from 0 deg. C. to 
1 deg. C.,” and its awkward mechanical equivalent of 1,389°8 
foot-pounds ? 

Mr. Biggs, after instancing a few—only a very few—of 
his many careless blunders in revising his proofs (blunders 
which will undoubtedly—some of them at least—lead the 
clementary student to think twice before he accepts the 
marrow and bone of his writings as gospel), challenges the 
reviewer in the following terms :—“ If he really has got any- 
thing to say worth hearing, for heaven’s sake let him take 
up my challenge on page 121 about the use of + and —. 
A discussion on this point will be such as a// can under- 
stand.” ? In all fairness to the author, we cannot do better 
than quote verbatim this page and part of what follows :— 


“ There is one vicious error to be corrected here. The word induction 
has been dragged into every explanation whether required or not. 
Had the reality of the circuit been accepted years ago, little except 
the legitimate use would have been made of the term. Once employ 
a term, and subsequent speakers and writers never seem to stop to 
think whether it be rightly employed or not, until an iconoclast comes 
along who is sceptical upon most things till he can see the explana- 





* Re this point, it may possibly open Mr. Biggs’s eyes if he will 
carefully study Chapters II., III. and IV., &c., of “ Dynamo-Electric 
Machinery,” 3rd Edition, by S. P. Thompson; Lecture II. (espe- 
cially pages 34 and 35) of ‘‘ Short Lectures to Electrical Artisans,” by 
J. A. Fleming; Chapters I. and II. (especially pages 34 to 56) of 
“ Electric Transmission of Energy,” 3rd Edition, by Gisbert Kapp ; 
and “ Magnets and Dynamo-Electric Machines” (especially pages 12 
to 16, &c.), by W. B. Esson; each of whom bears out the reviewer's 
assettions’ by the clearest and most unmistakable language, with 


illustrations, 
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tion. The magnetic circuit like the conductive circuit generally con- 
sists of two parts, one part where the lines of force pass through air 
media or other substance where they canbe investigated, the other 
part going through the interior of the magnetic substance. These 
‘may well be called the external and the internal parts of the circuit. 
It is convention in the conductive circuit to say the extcrnal current 
goes from the copper or + pole of the battery through the’ external 
circuit to the zinc or — pole, and the internal current from: the zinc 
pole through the liquids of the cell to the copper. A little examina- 
tion will show the current to be continuous all round the circuit, and 
nothing but ignorance of the subject in the first place could have 
warranted so cumbrous a notation. Ifthe external conductor of the 
conductive circuit is made up cf various conductors such as silver, 
copper, iron, &c., we do not say that the current leaving the silver 
acts inductively upon the copper, or that the current leaving the 
copper and entering the iron acts inductively upon the iron. Any 
two points in the external circuit are + and — to each other accord- 
ing to their position. The only question is does the current go from 
one ¢o the other. In the internal part cf the circuit the notation is 
reversed though the direction of the current in the circuit is not, and 
here the points will be — and + to cach other according as the cur- 
rent goes from one to the other.” 

“Tn the external circuit, then, that point is + from whence the 
current goes. In the internal circuit that point is — from. whence 
the current goes. This notation is cumbrous, and likely to be mis- 
leading and unscientific. The same niay be said cf the magnetic 
circuit, only the case is worse. If a bar magnet is divided into two 
or into ten parts, we get two or ten complete magnets. The conven- 
tion regarding the lines of force of the magnet is that in the external 
part of the circuit they go from the N pole to the S pole, and in the 
internal part of the circuit they go from they S pole to the N pole. 
The direction of action of the lines changes not; it is continuous 
throughout the circuit. A more scientific convention would be that 
in the conductive circuit any point is + in regard to another point, if 
current goes from the first fo the second, and that in the magnetic 
circuit any point is N or +. to another if the lines of force go from 
the first ¢o the second. Any point will consequently be S on to another 
if the lines of force come ¢o that point:/rom the other. Ot course the 
existing system had arisen before the magnetic circuit was thought 
of, and only took into consideration the actioti of an ordinary com- 

or 
“ When this matter is considered in connection with a dynamo, ex- 
planations are given somewhat as. follows. Let fig. 92 represent the 
apparatus, the N pole of the field magnet is said to induce aS pole in 


— 











the armature core immediately opposite it, and the S pole of the field 
magnet is also said to induce a ‘N pole in the armature core imme- 
diately opposite it. Our contention is that these points are points in 
the circuit, and their position decides the polarity of the one to the 
other. So far as the circuit is concerned, $ of the armature opposite 
to N of the field magnet, is S compared with that point N, but is N 
compared to the opposite pole of the armature core. ‘ Our suggestion 
is merely an extension of the ordinary algebraic convention that a 
line drawn from a point in one direction is +, drawn in the other is 
—. At present if we get a magnetic circuit m: de up of a series of 
bits of iron separated by air spaces, we have to reverse our notation 
at the commencement of cvery member of the series, though ad- 
mitting at the same time there is no reversal of the direction cf action 
of the lines of force. We maintain this is cumbrous and unworthy 
of the scientific tendericies of the day.” i 


The poor brain is fighting with shadows of its own creating. 
A chosen point in a mechanical, electrical, or magnetic 
circuit is + to another point, in virtue of a merely arbitrary 
agreement to the effect, that the point is + from which the 
ressure proceeds, and — at the point to which it goes. 
his is a well-known and generally accepted conventionalism 
in both mechanical and electrical engineering, and disputed 
by no one who knows anything of these subjects. In fact, 
after reproducing the above quotation, and from what | 
have -already said, I leave the readers of the ELEectricaL 
ReEvikEw to form their own conciusions. 


Tue Reviewer. 
P.S.—Perhaps Mr. Biggs will kindly reproduce the whole 


of this reply in his Electrical Engineer, and thus fulfil 
his promise. 


We have received a letter from one who says he is the 
happy possessor of a copy of the above book. He sends 


us a detailed list of errors in it, which list occupies four 
pages and a half of foolscap paper, and he winds up by hoping 
we will find space. to print it, at least in small type. And 
he adds: “These are by no means all the errors, and if 

uired I could send you as many more.” . We are extremely 
obliged to our correspondent, but our. space will not admit 
of even the limited quantity sent. us, and beyond justifying 
our review to Mr. Biggs, we care not to go.—Eps. ELEc. 
REv. 








NOTES. 


The Electric Light at Goldalming.—At a meeting of 
the Town Council last week, the electric lighting committee 
submitted a scheme prepared by the engineers for the lighting 
of the borough, the main features of which were as follows :— 
The central station plant to consist of two boilers, 52 H.P. 
each, two 65 H.P. engines, two arc-light dynamos, three in- 
candescent ditto, and all switches and sundries. The cable 
mains are to be laid in subways, the street lamps to be 
35 ares of 300 C.P. cach, or lighting equal thereto. Careful 
estimates of the above have been obtained, amounting to 
£5,565. A site for the central station had been offered close 
to the bridge in the Borough Road, which the engineers re- 
port on as being most favourabiy situate for the purpose, 
especially if the lighting is extended at any future time to the 
outside district. It was approximately estimated that the 
site and necessary buildings would cost from £1,200 to 
£1,500, making the total outlay for plant, site, and buildings 
nearly £7,000. The working expenses have been carefully 
estimated as follows :—Coal, £170; labour, £200 ; carbons 
and sundry, £100; depreciation, £140; 4 .per cent. on 
capital, £280; total, £890. .The yearly revenue: £280 
present cost of borough lighting ; £962 10s., say 700 lamps 
taken up at average cost of 27s. 6d. ; total, £1,242 10s. The 
balance of profit shown by this statement amounts to 
£352 10s. perannum. This return is based on the condition 
of 700 lights being taken up at an average price of 27s. 6d. 
This price of 27s. 6d. per lamp is about equal to half the cost 
of a gas burner using 7 feet per hour, and burning the same 
length of time. It is probable that the plant proposed would 
supply actually 1,000 lights if required. The committee 
were advised that the scheme is as perfect as it can be made, 
that all the machinery is duplicated to avoid the possibility 
of breaking down, and that the whole would be of the very 
best manufacture. The central station would also be so 


arranged as to admit of easy further extensions from time to 


time. ~The electric light committee considered that the facts 
before stated, and the reasonable prospects of the complete 
success of the enterprise, both financially and otherwise, would 
justify the council in taking steps to raise funds for the 
undertaking, and in making an application to the Local 
Government Board for their holding a public enquiry, and 
for their sanction to the scheme. After discussson upon 
various points of detail, the report was adopted with only 
three dissentients. The Town Clerk was then instructed to 
send the report to the Local Government Board, with the 
request that an enquiry might be held. 


Electric Lighting of Margam Castle.—It has been 
decided to light the castle throughout by means of some 350 
incandescent lamps. The designs of Messrs. Drake and 
Gorham were accepted, this being the only firm which pro- 
posed to employ steam and water-power, other contractors 
relying entirely on water-power. The necessity for the alter- 
native source of power was amply proved by the recent frosts, 
when the water was so far reduced as to be practically useless 
for power. The work will be carried out under the superin- 
tendence of Mr. A. A. Campbell Swinton. 





Ship Lighting.—The new steamer Julia, built for 
Senores Sobrines de Horrera, of Havana, by Messrs. David 
J. Dunlop and Co., Port Glasgow, completed her trial trips 
on the Clyde last Saturday. The vessel is fitted throughout 
with a complete system of electric light by Messrs. Norman 
and Son, Limited, of Glasgow, by whom a powerful search 
light has also been supplied to meet the requirements of the 
navigation the vessel will trade under in narrow channels or 
in entering ports. 
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Electric Lighting of Crystal Palace and District.— 
The Electric Lighting Committee of the Lewisham Town 
Council opposes the application of the Crystal Palace and 
District Electric Supply Company for an extension of time 
in which to comply with the terms of their order. 


Bradford Trams.—The Tramways Committee of 
the Bradford Town Council have presently under con- 
sideration the merits of four different systems of traction for 
u new line of tramways to be opened in Wakefield Road, 
Bradford. Steam, cable, underground electrical, and over- 
head electrical. The estimates prepared by the borough 
surveyor as to the cost of construction of the permanent way 
for each of the systems of traction compare in the following 
way :—Steam, £16,000 ; cable, £30,658 ; underground elec- 


. trical, £24,800 ; and overhead electrical, £16,200. And the 


figures estimating the total cost, including construction of 
way, cost of generating plant, rolling stock, and purchase of 
land and buildings required compare as follow :—Steam, 
£28,425 ; cable, £49,375 ; underground electrical, £36,4751; 
and overhead electrical, £25,475. The committee favour 
the underground electrical system, because it will thus be 
possible to get rid of the smoke and stench from steam cars ; 
and it is thought that the reduction in tear and wear which 
the use of light electrical cars would effect might bring the 
cost down to the level of steam traction in the long runs. 
The merits of a number of underground electrical systems 


‘differing somewhat in detail are now being gone into by the 
, committee. 


It appears from the report of our correspondent, that the 
Tramways Committee of the Bradford Town Council favours the 
underground electric conductor, although its establishment is 
nearly 50 per cent. more costly than the overhead conductor 
system, which is evidently admissible in this town since the com- 
mittee included it in its programme. No reference is made 
to the estimated traction expenses, which are practically the 
same with both electrical systems under consideration, and 
it would be extremely interesting to know why the overhead 
conductor has been struck out of the list which is still 
under discussion at the Bradford Town Hall. 


Hartmann and Braun's Current Index.—We have 
received from Messrs. O. Berend & Co. one of these simple 
but very useful accessories for accumulator installations. As 


will be seen from the cut, the instrument when placed in 





circuit, indicates clearly whether the cells are charging or 
discharging. We have no doubt this current index will meet 
with general favour. 


Personal,—We notice the announcement in the Madrid 
press of the election of Senor Don Nilo Fabra to the Spanish 
Cortes as senator for the province of Alicante. Senor Fabra 
has gained some repute in the Peninsula as an author, and is 
well known to the telegraph world as ihe chief of the Fabra 
Telegraph Agency, working in connection with Reuter and 
with Havas. 

Undue Prominence.—In a recently published Medical 
Directory, the Medical Battery Company, Limited, and its 
eminent “ President,” are fairly conspicuous. _ They figure 
firstly as surgical belt makers, secondly as elastic stocking 
makers, thirdly as electrical and galvanic instrument makers, 
fourthly as medical rubbers, and fifthly as surgical instru- 
ment makers! We hope that certain eminent firms with 
whom the Battery Company is thus bracketed, will survive 
the honour. 


The 0.8.A, Association,—On Saturday evening last the 
second of these enjoyable concerts was given. Unfortunately 
the weather was very much against a large attendance, but 
we do think that if performers can be found willing to tender 
services for which they must give up more important busi- 
ness, and who do not think travelling long distances for the pur- 
pose of any great moment, the old students might strain a point 
to support the president and vice-president on occasions like 
these. The programme was one which would not have done 
discredit .to a society formed for the enjoyment of music 
only, but if better support than was forthcoming on Satur- 
day cannot be obtained, we think it would be well to entirely 
abandon these social gatherings. At the same time, we must 
confess that the manner in which the post-cards announcing 
the meeting are sent out is open to considerable improve- 
ment, and as a means to this end we would suggest that they 
present a less funereal appearance, and that the names of the 
performers engaged should be printed thereon. Saturday, 
perhaps, is not a good day for bringing the bulk of the 
students together, and this may possibly be one reason — 
the attendance was so limited. Moreover, the clashing wit 
the dates of entertainments given by kindred bodies is a 
matter to which the attention of the committee might in 
future be directed, for we notice that the O.S.A. Cinderella 
Dance takes place on the same evening as the last Electro- 
Harmonic Smoking Concert, which is sure to be attractive. 


The Spanish-Morocco Cables.—The Revista de Telé- 
yrafos, of Madrid, in its issue of the Ist March, gives a brief 
account of operations connected with the laying of the first 
two sections intended to connect Spain with Africa. These 
sections are from Almeria to the island of Alboran, and from 
Alboran to Melilla, on the African Coast. The Citta di 
Milano appears to have been considerably delayed by bad 
weather. In a previous issue of the Review we mentioned 
the arrival of this vessel at Almeria on February 13th. On 
the 16th, one shore end was landed at Alboran, and the inter- 
mediate types laid towards Almeria, when owing to bad 
weather the end was buoyed. On the 19th, the shore end 
was landed at Almeria, the cable laid to the buoyed end, and 
the final splice made on the 20th ; that is to say, so far as 
we can gather, for the account seems a little mixed. The 
curious part of the operations is that no communication 
seems to have been held between Almeria and Alboran, the 
cable, as we are told, being “insulated” at the latter place. 
Several attempts appear to have been made to land the shore 
end at Alboran for the Melilla section, but the weather pre- 
vented this being carried out. The ship then proceeded to 
Melilla, where on the 22nd the shore end was laid. Some 
portion of the section was laid towards Alboran, and the end 
buoyed. The weather again appears to have interfered with 
the operations, and the vessel sought shelter at Malaga on 
the 23rd, where, up to latest advices, she was still awaiting a 
favourable change. It does really seem exceptionally bad 
luck that more than a fortnight should be expended in the 
completion of these two sections, which together comprise a 
total of only 136 N.M., and that the only section actually 
completed should, so far as we can gather, not have been 
made use of for the transmission of telegrams. We hope, 
however, that the next news received will be of a more 
favourable nature, and that the anxiety evidently felt with 
regard to the condition of the Almeria-Alboran section may 
prove to have been groundless. 


Wilson Hartnell.—We understand that Mr. Wilson 
Hartnell, of Leeds, has found it necessary to have an office 
in London, and that on the 25th inst he will be permanently 
represented in town (at 11, Queen Victoria Street) by Mr. 
W. Farrar. 


A Pacific Cable.—The United States Senate has adopted 
a resolution authorising the President to expend certain sums 
for establishing telegraphic communication between San 
Francisco and the Hawaiian Islands. The proposal was 
originally discussed in secret session, and afterwards adopted, 
after public discussion, by a majority of 35 votes against 22. 
It is ramoured that the’ proposed cable is but the first step 
towards the annexation of the Hawaiian group by the United 
States, and the American Navy Department is making the 
preliminary arrangements for the survey of the route. 
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Examples of Electric Power Transmission.—On page 
291 of our last issue, we stated that “the company at 
Schaffhausen charges £13 12s. per H.P. delivered per 
annum,” whereas we ought to have said that the aefual cost 
of the installation amounted to £13 12s. per horse-power, and 
the charge made to the consumer is at the rate of £2 16s. 
per horse-power delivered per annum. 





Can Gas Shareholders Vote ?—The Town Clerk of Godal- 
ming does not agree with Councillor G. Fry, of Dover. The 
uestion was asked during the discussion of the a 
aa lighting of Godalming, and he answered that they 
could. 


The Electric Light in Telephone Exchanges,—The 
National Telephone Company have adopted the electric 
light in the switch-room of their Newcastle exchange, and 
have thereby greatly added to the comfort of their operators. 
Not only have they now a much better light but also the air 
remains far purer than it did when they used gas. The con- 
——- for the installation were Messrs. Barnett, Wynne and 


Partnership.— Messrs. Barnett, Barnard & Co., of New- 
castle-on-Tyne, have taken into partnership Mr. W. R. 
Wynne, who has recently held responsible positions under the 
Westinghouse Electric Company, and the India-Rubber, 
Gutta-Percha, and Telegraph Works Company, of Silver- 
town. The style of the new firm will be Barnett, Wynne 
ors Barnard, and their address 92, Quayside, Newcastle, as 

ore. 





Trial of an Electric Omnibus.—While the snowstorm 
was at its height, an electrically propelled omnibus, belonging 
to the Ward Electric Car Company, was run from the depot, 
Dacre Street, Westminster, to the City and back, vid Lom- 
bard Street, Gracechurch Street and Cornhill, returning by 
the Victoria Embankment. The object of the experiment 
was to test the power of an electric car on the mts during 
such adverse circumstances. The omnibus ran with ease 
through the storm at a good pace, and without a hitch. The 
trip, therefore, was regarded as a successful one. 





The Recent Storms and Telegraph Wires.—The 
recent severe weather has wrought great havoc on the tele- 
graph lines. Communication with the Continent was 
interrupted while, inland, matters were still worse. On 
the Cornwall line telegraph wires and poles are so extensively 
demolished that it will be days before any telegrams can pass. 
In the Sunderland district the lines suffered heavy damage. 
The Times, speaking on the subject, says of the interrup- 
tions, there is a loud outcry by the public that wires should 
be placed underground or encased along railways, so as to 
prevent obstructions to telegraphy by storms, and the danger 
to trains from wires and poles falling across the railway. 
rs ga is this urgent in the case of naval and military 
ports. 





The London-Paris Telephone.—The submarine cable 
for the London-Paris. telephone was laid on Monday across 
the Channel, but on Wednesday night, owing to the severity 
of the weather, connection had not been made on the English 
side. The work was accomplished under the most un- 
favourable circumstances, in a blinding storm of snow and 
sleet. A strong easterly gale prevailed, and the sea broke 
aren on the English shore towards the latter part of the 

y. 


Withdrawal of National Telephone Subscribers. — 
At a meeting of two hundred border district subscribers it 
was unanimously resolved to give the company notice to 
remove a and wires connecting the houses. The 
point of difference is the refusal to lower the rates, 


The Extreme Limit of Protectionism.—It is said that 
the United States Treasury has given a ruling which is re- 
garded as the extreme limit of Protectionism. A telephone 
cable is carried through the tunnel which, passing under the 
St. Clair river, connects Sarnia, in Canada, with Port Huron, 
in the United Stetes. The Treasury has decided that that 
portion of the cable which is within the United States is 
subject to duty. 





Electro-Medical Swindles.—The following is a trans- 
lation from the Electricitéis Zeitung of 10th March :—* The 
President of the Berlin Police publishes the following warn- 
ing: Under the heading ‘Sensational Invention! Cure for 
Debility, &c., of Males!’ there are advertised in the news- 
papers by a certain ‘ Borsodi,’ so-called electro-metallic discs, 
patented in Austria-Hungary as a curative appliance. Accord- 
ing to the testimony of experts, these discs have not the 
advertised curative effects, and their use is distinctly injurious 
to health. The President of Police, therefore, warns the 

ublic to beware of the appliances of Borsodi, and makes it 

nown that by malsinenial tone the use of his patents has 
been prohibited in Austria.” .This action of the Berlin 
police might well be followed in London. 


Electric Light at the National Sporting Club.—An 
important electric light installation has been carried out for 
the proprietors of this club by Messrs. Henry F. Joel & Co., 
in an exceptionally short space of time (a little over three 
weeks), and the whole of the lights have been fitted since the 
completion of the decorations, without destroying or defacing 
the building in any way. There are at present about 160 
lights, but provision is made for extension to 300 lights. 


New Business.—Messrs. Miller and Woods have com- 
menced business as electrical engineers and contractors at 
34, Gray’s Inn Road. Mr. Miller is the inventor of the 
Miller ammeters and voltmeters, and has been in charge for 
the last 34 years of the dynamo testing department of the 
Maschinenfabrik Oerlikon, near Zurich, r. Woods has 
been for the last 14 years with the Liverpool Electric Supply 
Company, and was one of the joint authors with Prof. 
Ayrton of the paper on accumulators, read before the Society 
of Electrical Engineers at Edinburgh. 


Lighting Tenders,—Tenders are invited for the light- 
ing of the town of Ballymena with gas or electricity from 
August 16th, 1891, to August 16th, 1892, for the Town 


Commissioners. Enquiries to be addressed Mr. Henry 


0’Hara, Ballymena. 





(. Moat and Company.—We are informed that the 
West End branch of the business of the Acme Electric 
Works has been transferred, and for the future will be car- 
ried on under the name of C. Moat & Co., of whom all the 
“ Acme ” specialities may still be obtained, as well as the 
goods of other makers. 





Projects for Utilising the Falls of Niagara.—Elec- 
trical companies were invited a little while ago by the 
Cataract Construction Company to submit proposals for the 
utilisation of the Falls of Niagara, by distributing 125,000 
horse-power over the neighbourhood of .the town of Buffalo 
by means of electricity. A committee was appointed to de- 
cide on the value of the proposals submitted, and the prizes, 
so says the Bulletin International, have been awarded as 
follows :—Proposals relating to the production and distribu- 
tion of the power :—Ist prize. This prize was not awarded. 
2nd prize: Faesch po Piccard, Geneva; Cuénod and 
Sautter, Geneva. Four 8rd prizes: Hillairet and Bouvier, 
Paris ; Victor Popp, Paris ; Riedler, Berlin ; Vigreux, Paris ; 
Levy, Paris ; Pelton Water Wheel Company, San Francisco ; 
Norwalck Iron Works Company, Norwalck, Connecticut. 
Proposals relating to the h x ed production of the force : 
—lst prize: Escher Wyss, Zurich. Two 2nd prizes: Ganz, 
Buda-Pesth ; Lupton and Sturgeon. No prizes were 
awarded for proposals relating exclusively to the distribution 
of electrical energy. 
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Mr. Kapp’s Cantor Lectures,—The following has just 
reached us from the General Electric Power and Traction 
Company, Limited, but it does not give any information 
whatever :—I have to thank Mr. Kapp for his offer to pub- 
lish the authorised figures of the Barking Road installation. 
When my board think it advisable to do so, I should have no 
difficulty in bringing them before the public. The effort that is 
being made to prove that, five cars cannot operate at the same 
cost as 300 is quite unnecessary. I would only add that, in 
response to invitations from various tramway companies and 
corporations owning tramlines, my company have been and 
are issuing tenders to electrically equip-and maintain tram- 
lines by the overhead, conduit, and accumulator systems. If 
electric traction by accumulators were more expensive than 
horse traction, the North Metropolitan Tramways Company, 
who have now had something like two years’ experience of 
the work of these cars, would not be, as they are at present, 
applying to Parliament for powers to extend the system at a 
capital outlay to themselves of £50,000—W. G. M. 
MacKenziz, Secretary. 


Launch of an Electric Pinnace,—An electric launch, 
built for the British Government, was successfully floated 
last Tuesday from the Strand Electric Launch Works, 
Chiswick. This boat is a pinnace, which has been built by 
Messrs. Woodhouse and Rawson for the conveyance of 
troops between Her Majesty's Dockyards at Chatham 
and Sheerness. The boat is 28 feet 6 inches long over all, 
by 8 feet 9 inches beam, and 4 feet & inches deep, 


with an average draught of 2 feet 6 inches, her full com-: 


lement being +40 fully-equipped soldiers. The storage 

tteries are placed under the seats along the sides of the 
pinnace, and the current is conducted to a Woodhouse and 
Rawson motor, which drives a two-bladed screw 22 inches in 
diameter. The batteries are composed of 70 Epstein cells, 
and the motor will develop 6 brake horse-power and drive 
the screw propeller at 800 revolutions per minute. The 
anticipated speed on the measured mile is eight knots. The 
time of charging the cells is six hours, and the charge will 
be sufficient to propel the boat for from 10 to 12 hours. 
For cases of emergency the vessel will be fitted with two 
masts and two balance lug sails, thus enabling her to be 
sailed or propelled electrically, and to do the same as a 
steam pinnace of her size. The boat is named the Llectric, 
and several runs were made with her. It i: the intention 
of the Royal Engineers to make some exhaustive trials with 
this type of boat, and Messrs. Woodhouse and Rawson are 
arranging a charging station at Chatham, which will. make 
the work purely automatic. It is stated that the cost of 
building a vessel of this size is about £500, and Mr. Sargeant, 
by whom she has been designed, states in scientific phraseology 
that the power consists of 140 volts. He is evidently 
gaining an electrical knowledge which may be useful some 


day. 


A Saving in Water for Boilers,—The water question has 
been solved by the St. James’s and Pall Mall Electric Lighting 
Company. They have bored for water at Mason’s Yard, 
Jermyn Street, 5.W., with such success that they are getting 
about 1,000,000 gallons per week. The yearly saving 
amounts to £300 on non-condensing engines of two thousand 
horse-power, a sum worth taking into consideration. 


The Electro-Magnet.—This letter was too late for 
insertion in our correspondence columns :—“ The reply of Dr. 
Silvanus Thompson to the letter of M. W. de Fonvielle 
seems to me most unfair. M. W. de Fonvielle has brought 
forward evidence which shows that Ampere and Arago made 
electro-magnets on or before the year 1821, and he contends 
that as permanent horseshoe steel magnets were in common 
use before 1825, all that Sturgeon really did do was to bend 
the soft iron core of an electro-magnet into the horseshoe 
form, and the simply doing this cannot be considered to give 
him a claim to be regarded as the discoverer of the electro- 
maguet.—W. R. Sykes.” 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 





The Weymersch Electric Battery Syndicate, Limited, 
—The annual return of this company, made up to the 5th 
inst., was filed on the 5th inst. The uominal capital is 
£20,000 in £5 shares; 3,207 shares are taken up, upon 
2,000 of which the full amount has been called. The calls 
paid amount to £1,000, unpaid to nil, and considered as paid 
to * aes Offices, 2, Victoria Mansions, Victoria Street, 
S.W. ; 


The Hastings and St. Leonards-on-Sea Electric Light 
Company, Limited,—The annnal return of this company, 
made up to the 17th ult., was filed on the 2nd inst. The 
nominal capital is £50,000 in £10 shares ; 850 shares are 
taken up, upon 683 of which the full amount has been called. 
The calls paid amount to £6,785, unpaid to £45, and con- 
sidered as paid to £1,670. Offices, Earl Street, Hastings. 


Nonpareil Electric Syndicate, Limited.—The annual 
return of this company, made up to the 19th December, was 
registered on the 3rd inst. The nominal capital is £6,000 
in £10 shares ; 400 shares have been taken up, upon 200 of 
which the full amount has been called. The calls paid 
amount to £2,000, unpaid to nil, and considefed as paid to 
£2,000. Offices, 2, Victoria Mansions, Victoria Street, West- 
minster, 8.W. 


The Electric Clean-all Company, Limited.—<A uotice 
was filed on the 5th inst. of the resolutions passed at an ex- 
traordinary general meeting held on 30th January last, and 
confirmed on 16th ult., that 150 fully paid special preference 
shares of £5 each be issued at a discount of 50 per cent., 
and bear interest at 10 percent. per annum ; also that Messrs. 
Hern and Downing be appointed managers, with a salary of 
£100 each per annum. Offices, 94, St. Mary Street, Cardiff. 


The Eastern Electric Light and Power Company. 
Limited.—On the 3rd inst. a notice was registered by the 
liquidator of this company that a meeting had been held on 
the 2nd inst. for the purpose of showing how the winding-up 
of the company had been conducted. 


The Electric Installation and Maintenance Company, Limi- 
ted.—We have received the following letter from this company, 
which we have pleasure in publishing :— 


“The ‘ Official Returns of Electrical Companies,’ as inserted in 
your issue of March 6th, is incomplete, because it omits that portion 
of the return which states that ‘in addition to the shares issued, 
agreements have been entered into for appropriating under provisional 
orders, obtained or applied for, 5,724 shares of £10 each fully paid.’ ” 





NEW COMPANIES REGISTERED. 





The Liverpool and District Pulsion Telephone Com- 
pany. Limited,—Capital, £6,100 in £1 shares (of which 
100 are founders’ shares). Objects: To adopt an agree- 
ment, dated the 20th ult., made between the Primary 
Syndicate, Limited, of the one part, and A. H. Cowie, of the 
other part, to carry on the business of a telephone, tele- 
graph and electric light, heat and power supply company, to 
establish and work telephone exchanges, to facilitate the 
transmission of telephonic and telegraphic messages, to 
undertake the electric lighting of towns, buildings, &c., and 
for other purposes. Signatories (with one share each): J. 
G. Bennett, 1, Orange Court, Liverpool ; B. Coolie, 43, 
Brown’s Buildings, Liverpool; W. A. Gorst, 1, Rumford 
Place, Liverpool; J. R. Montgomery, 24, James Street, 
Liverpool ; A. H. Cowie, Queen Insurance Buildings, Liver- 
pool ; H. W. Madge, 5, Cook Street, Liverpool ; J. M. Wade, 
5, Fenwick Street, Liverpool. The number of directors 
(other than that of the directors of the Primary Syndicate, 
Limited, who are ex officio directors of this company) is not 
to be less than three nor more than five. Qualification 100 
shares. Remuneration to be determined at the general 
meeting. Registered, on the 5th inst., by T. T. Hull, 22, 
Chancery Lane, W.C. 
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CITY NOTES. 





The London Electric Supply Corporation, Limited. 


Tue annual report of the directors for 1890 states that the general 
a of the works is described in the engineer’s report appended 
ereto. 


The causes which led to the fire at the Grosvenor distributing 
station are stated in the engineer’s report. The directors are assured 
that with the measures now being taken for the equipment of the 
permanent distributing stations, any recurrence of such a calamity 
will be impossible in future. The premises damaged by the fire were 
insured, and are now being reconstrueted in the most substantial 
manner, 

The interruption to business and the loss of income caused by the 
fire has been serious, and the directors regret that it will not be possi- 
ble to declare any dividend upon the preference capital. The portion 
of the year during which supply was suspended is a period at which 
the revenue is, under ordinary circumstances, at its maximum, but 
owing to the severity of the winter, revenue in excess of the ordinary 
rate would have been produced, which, had it been received, would 
have enabled the directors to pay a dividend on the preference 


— 

e results of working for the short period that ensued between 
the closing of the Grosvenor station and the cessation of supply on 
the 15th November, confirms the statement made in the last report, 
that the concentration of the whole of the generating machinery in 
one establishment, under the control of the chief engineer, would 
secure material advantages in supervision and economy. 

During the t year statutory powers have been acquired over 
several metropolitan ishes, which have led to a more economical 
and beneficial disposition of the works. The board are making no 
applications for further powers this year, and will limit their Parlia- 
men’ business to defending themselves against opposing interests. 
Notwithstanding the loss of certain old customers after the fire, new 
applications for current are coming in from day to day, and large 
demands are arising in certain portions of the authorised area in 
which, hitherto, there has practically been none. Works are now in 
hand with a view to meeting the material extension of the business 
which may be anticipated. Meanwhile supply of current was resumed 
on the 15th February, and customers are being connected to the new 
underground mains as‘rapidly as possible. 

The directors retiring, as provided by the articles of association, 
are: Mr. Francis Ince, Mr. fs Pyke, and Mr. Arthur F. Wade, 
all of whom are eligible, and, offer{themselves for re-election. 


EnGinzrrr’s REPORT. 
T'o the Directors of the London Electric Supply Corporation, Limited. 


Gentlemen,—Since I had the pleasure to report to you a year ago 
the engineering workjof the corporation has gone through a period of 
considerable activity under my direction. The concentric mains 
which you have manufactured under my patents have proved to be 
a complete success. Four concentric trunk mains have now been laid 
from ptford to London, consisting in all of some 25 miles; they 
are laid in 20-foot lengths, and thus in the above distance there are 
no less than 6,500 joints. The work of laying was of necessity per- 
formed by unskilled labourers who had neither experience nor train- 
ing in such work, and I am glad to say that on first testing the mains 
only some 20 joints out of the entire number proved to be defective ; 
these defective joints are easily found and rapidly replaced. The 
mains have been thoroughly tested with a pressure of 17,000 volts, 
and have stood this test perfectly, and as you are aware they are now 
in daily use at a pressure of 10,000 volts, ie nsrnal pressure of your 
permanent work. 

With the sanction of the Board of Trade, earthing arrangements 
have been made in connection with the mains and other portions of 
your system, and the working is so satisfactory that no disturbance 
whatever is caused to the telephone or telegraph systems; in fact, 
neither the Post Office nor the telephone company are able to say 
when your_machinery is working. 

Dunng the past year the whole of the machinery from the 
Grosvenor Station has been removed to ord. ‘The dynamos, 
which were designed to give 10,000 lights each, have been found 
capable of supplying with ease 15,000 lights each ; consequently, two 
larger engines for working these machines to their full capacity have 


been erected at Deptford during the year. These dynamos have been 
put into a thoroughly efficient state, and with this plant the work is 
now being done. In addition, two larger engines, each of 1,500 H.P., 
which just been erected at the date of my last report, have been 
got into efficient running condition, and the necessary alterations are 
being made to the two larger dynamos (each capable of giving 30,000 
lights), that will enable you to use them, now that your concentric 
mains are complete, at the full pressure of 10,000 volts (for which the 
machines were originally designed), instead of 5,000 volts, the pres- 
sure first used. These machines will be working at 10,000 volts pres- 
sure within the next three months, and you will then be in a position 
to generate current for 90,000 lights. It is not, however, proposed to 
supply more than two-thirds of this number at the same time, in 
order that a reserve of power sufficient to meet the requirements of 
the Board of Trade may be always kept in hand. 

With these twe large machines supplying your circuits the first 
— stage of your undertaking will be completed. 

teat progress has also been made towards the next stage, though 
this work has not been pressed in view of making more rapid progress 
with that of the first stage. Nevertheless, more than three-fourths 
of the work of the next pair of dynamos has already been done. 
They will each be capable of supplying 200,000 lights, but in the first 
instance it is intended to supply engine power to each dynamo for 
100,000 lights only, and by the end of another year from the completion 
of what I have called the first stage of your work, I expect to be in 
a position to report the completion of the second stage. You will 
then be able to supply 290,000 lights, less a proper reserve. Sufficient 
mains are already Maid between Deptford and London to transmit the 
current which you will then have to dispose of. 

I desire to call attention to the fact that from the commencement 
of your operations to the present time, no engineering or electrical 
difficulties whatever have arisen which I have not been able to over- 
come, and at the present moment I know of no weak point in your 
system, and consider success to be now assured. 

It is a matter of great that a fire in your temporary distri- 
buting station in November last has caused 4 loss of the revenue, 
which would otherwise have been earned, and which, owing to the 
extraordinary severity and darkness of the winter, would have been 
more than usually profitable. I am glad to say that this’ fire was not 
due to any defect of principle in your system, and could not have 
happened had your permanent distributing station been erected; but 
as you are aware, it was an impossibility to erect the permanent 
station, the premises being occupied by the machinery which was 
then in course of removal to Deptford. The fire has, however, in 
some sense been beneficial, as it has allowed the permanent work to 
be pushed forward to an extent which could not otherwise have been 
pa progress having been much delayed by the necessity of 

eeping a running business going during a period of progressive 
changes in the permanent system. The loss occasioned by the fire 
was not serious, so far as destruction of apparatus was concerned, but 
was princi y felt in decreased revenue returns. The suspension of 
supply enabled good progress to be made with the laying of distri- 
buting mains, there being at the presont time some 18 miles laid and 
in use. 

It was a that this work should be pushed on, as the right 
to use overhead cables expires in the summer of this year, and the 
distributing mains being so well advanced, it has been deemed wise 
to discontinue tr> use of those cables. Your customers are now 
being connected to the permanent underground mains with the 
utmost possible speed. 

A most important work has been completed during the past year in 
erecting at Deptford switching gear which allows all or any of the 
machines to be used separately, or in combination. It has been 
further proved that the various machines can be worked together in 
parallel, a matter of considerable importance to successful working, 
as ensuring the maximum of efficiency and economy. 

The corporation has secured sites for three additional distributing 
stations,,and the work of installing them with the necessary apparatus 
is being proceeded with. These stations will all be in work during 
the present year, each having two separate sources of supply at 10,000 
volts pressure, which is lowered at these stations and distributed at 
2,500 volts, being further reduced to 100 volts before entering the 
wires . the customer, as in the case of the low-pressure system. 

At the time of my last report there were many parts of the system 
whieh were generally considered doubtful and more or less experi- 
mental ; I refer more especially to the supposed difficulties of trans- 
mitting current from Deptford to London. The fact that current of 
10,000 volts pressure is transmitted every day to London is the most 
complete answer to such doubts. ; 


London Electric Supply, Electric Lighting Order. 


Tue Lonvon Exxctrico Suppty Corporation, Limirep, year ending 31st December, 1890. 


No. 1—Srarementr or SHare Capirat on the 31st December, 1890. 








Description of capital. 


£1,000,000, divided into 200,000 | | f Memorandum and articles 
ordinary shares of £5 each ... {| of association... ... 
} 


ordinary 


Number | Nominal Called Issued, ve Total 
Authorised by. of shares | amount up per Total not Remaining amount 
issued. | ofshares. share. Paid up. | paid up. unissued. | authorised. 


£445,000 


7 | | 

| Shares } | ; 
111,000 | £5 £5 aume Nil. ; 89,000 } exoioe 

| 


oe . Resolution of general ; 
£250,000, divided into 50,000 | . ,000 - . 
preference shane of A0dah j { a, held 21st De-| { preference } £5 | £2 |£163,043) £96,957 Nil. £250,000 
ber, 888 eee eee | } | 





| | | 
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great advantage of the high-pressure system is apparent in 

that the loss involved in transmission of current from Deptford to 
the distributing stations is inappreciable, while the facilities for pro- 
curing coal and water there, sufficiency of room for machinery and 
appliances, and freedom from the legal and financial consequences 
attending the erection of generating stations in crowded neighbour- 
hoods, cannot fail to tell their own tale in the working expenses of 

the current year. 
8. Z. De Faerranti, Engineer. 


3, Adelphi Terrace, W.C., 3rd March, 1891. 





No. Il.—Sratrement oF Loan Caprtat ( ae erm for the pur- 
poses of the undertaking authoris the above-mentioned 
order) on the 31st December, 1890. 





Amounts borrowed. 
Remaining Total amount 





: R . borrowing of borrowing 
tper | t per tper | powers. powers. 
* cent. pe i cent, | Total. 

Nil. | Nil. Nil. Nil. Nil. Nil. 


| 





No. IITI.—Caprrat Account, for the year ute 31st December, 1890. 


| 
Expended to | Expendedto Total expendi- 
81st ember, | 3lst December, ture to 31st 
1889. | 1890. December,1890. 


Dr. en 2 a8) 42 4% & 
To Expenditure to Bist 








December, 1889 - 505,258 7 8 
Less depreciation ... '303 12 6) 
504,954 15 2 

Buildings, freehold land, 


and general Construc- 

tion account at Dept- 

ford ... eee eee} 102,728 7 4/ 15,750 9 9 118,478 17 1 
Plant and Machinery at 

Deptford ... . --| 68,342 18 8) 33,464 6 8 101,807 5 4 
Mains, including cost of 

laying the mains from) 

Deptford .. ... ...| 24,137 7 9 71,87273 6 96,009 11 3 
Purchase of the business 

of Sir Coutts Lindsay; 

and Co., Limited, in- 

cluding plant and ma- 

chinery at Grosvenor 

station, goodwill, ex-| 

















penses, &c. on 249,537 0 6 860 3 6 250,397 4 0 
Mains, including cost of 
laying from Grosvenor | 
station ... ... WA 20,170 19 7 5,338 5 3 25,509 4 10 
Transformers ... .... 26,632 18 5| 9,258 7 7 35,891 6 0 
Meters... vo 1,682 11 8 316616 7 4,869 8 3 
Electrical instruments... 2,289 14 1) 223710 8 4,527 4 9 
Cost of provisional order] 4.380 9 0} 401 4 0 4,781 13 0 
ee or 918 15 11) 21818 2 1,137 14 1 
Distributing stations a 185 15 6 792 8 O 987 3 6 
Alterations 
to offices 
and stores | 
to 31st 
December, 
1890 £3, 431 8 0 
Less de- 
pre cia- 
tion ... 26212 6 
————|_ 3,168 15 6) 48 6 9 3,217 2 3 
Office fur- 
niture... 820 1 3; 
Less de- 
precia- 
tion ... 41 0 0 
— 779 1 3 92 5 5& 871 6 8 
504,954 15 2)143,501 5 10 648,476 1 0 
\Balance... ...| 59,566.19 0 
| 
| 708,043 0 0 
| 
Cr. £ s 4-& s. d. 
1. By Ordinary shares, 111,000 of £5 555,000 0 0 
» Preference shares, 50,000 of £5 
£2 paid... ‘ .. £100,000 0 0 
Less calls in arrear .. aa 210 0 O 
—_——. 99,790 0 0 





3. _,, Amounts received in anticipation 
calls ca ie a nee 53,253 0 0 


£708,043 0 0 


ELECTRICAL REVIEW. 848 
No. IV.—RevenveE Account, for the year ending 31st December, 
1890. 
A.—To Generation of Electricity. 

Dr. Ss &@ 
1. To coal or other fuel, including dues, 
" unloading, storing, and 
all expenses of aie sdme on 

the works . .11,175 10 5 


2.  ,, Oil, waste, and engine room stores 2,738 14 11 
a. Proportion of salaries of engi- 
neers, superintendents, and 


officers . 650 0 0 
4. ,, Wages and allowances at gene- 
rating station ioe ~~ ane i 8 
5. , Repairs and maintenance as 
follows :— 
2 2 4. 
1. Buildings ... .. 142 5 4 
2. Enginesand boilers... 792 0 7 
3. Dynamos and exciters 103 8 8 
4. Other machinery and 
tools , ow. VO 6 
5. Transformers and ac- 
cessories ... << Be so 





1132 0 1 | 
item JOSS 6 F 


B.—To Distribution of Electricity. 


1. To proportion of salaries of super- 


intendents and officers ... 520 0 0 
2.  ,, Wages and allowances to lines- 
men, fitters, &c. ... 970 15 4 
3. Repairs, maintenance, renewals, 
and charges of mains of all 
classes, including materials and 
laying same, also wayleaves ... 206 7 1 
4. To repairs, maintenance, and re- 
newals of transformers, meters, 
switches, fuses, and other appa- 
ratus on consumers’ premises ... 524 14 1 
2,221 16 6 
C.—To Proportions of Rent, Rates, and Taxes. 
1. ‘Fo Rents payable... se .. 1424 4 5 
2. ,, Rates and taxes ... =e - 653814 § 
—an §8=—. OS 
D.—To Proportion of Management Expenses. 
1. To Directors’ remuneration ... .. 1000 0 0 
2.  ,, Salaries of secretary, engineers, 
accountant, clerks, and mes- 
sengers ... - ... 2150 4 3 
3.  ,, Stationery and printing . ~~ oa -S 
4.  ,, General establishment changes. 527 13 1 
5. ,, Auditors ... : ae 5210 0 
————m «OIG 8 CG 
E.—To Proportion of Law and Parliamentary Charges. 
1. To Law expenses _... se .. 585 2 2 
2. _,, Compensation claims... a 6616 9 : 
—————————_ 651 18 11 
Stores at 31st December, 1889... _ bane 532 0 9 


” 








£28,704 9 11 


Cr. £ s. d. 


1. By Sale of current, per meter, at 7}d. per B.T.U..... 16,280 6 11 
2 » Sale of current under contracts ; 9,701 19 2 
3 » Rental of meters, converters, and other F appe- 
ratus on consumers’ premises.. . 1,137 6 2 
4. ,, Sale and repairs of other apparatus gon .. 1099 3 2 
5. ,, Transfer fees 38 18 0 
K «. son de stores on hand, ‘B1st December, 1890 427 2 3 
» Balance 19 14 3 
£28,704 9 11 








No. V.—Net Revenve Account, for the year ending 31st December, 
1890. 





Dr. 4 ad 

. SS ne on alterations to offices and stores.. 262 12 6 

2. office furniture ... 41 0 0 
- ~ ’ Reserve fund, being provision for bad and 

doubtful debts, and other items a ... 1,103 12 10 

4. ,, Fire account—Grosvenor bi a ons .. 1,183 16 2 

5.  ,, Revenue account—balance.. as sie a 1914 3 

2,610 15 9 

, Balance carried forward ... wie en ai mba 

£3,424 3 4 

Cr. . £. « 4 

1. By Balance from last account.. .« 92012 4 
2. ,, Interest on — account and } sundry dis- 

counts she ... 2,503 11 O 


£3,424 3 4 
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No. VI.—ReEsEervE Funp Account. 








Dr. £ 38.4. 
1. To Allowances made aaa 1890 775 3 4 
2. ,, Balance . 1000 0 0 
£1,775 3 4 
Cr. £ s.d. 
1. By amount provided, at 31st December, 1889, to 
meet further allowances off accounts, &c. .. 67110 6 
2. ,, Amount transferred from net revenue account 
to meet further allowances on 31st December, 
1890 ... oa Se Phe oes : ... 1,108 12 10 
£1,775 3 4 
» Balance .. £1,000 0 0 











No. VII.—GEnERAL BALANCE SHEET, on 31st December, 1890. 


Dr. £ 8. d. 
To Capital Account—Amount received as per Account 
No. daa! i. ... 708,043 0 0 
» Sundry tradesmen and ‘others, due ‘on construction 
of plant and machinery, fuel, — &c., to 31st 
December, 1890 ... ‘ 29,401 7 10 
» Sundry creditors on open accounts... 1,164 12 2 
», Reserve fund account.. wn 1,000 0 0 
» Net revenue account—Balance at credit thereof . 813 7 7 
£740,422 7 7 
Cr. £ s. d. 
By Capital account—Amount alee for works as 
per Account No. III. ... --- 648,476 1 0 
» Cash at bankers— 
Messrs. Coutts & Co. ll ...£1,361 11 8 
Messrs. Glyn, Mills, Currie & Co. 416 13 11 
London and County Bank (Dept- 
fomm) * 3.: $03 we a eS 
——enome LO 6 A 
» Cash in hand . ott ae 34. 4 7 
» Sundry debtors on account of contracts ans 40,158 7 9 
» Cost of redeeming debentures 30,000 0 0 
» Preliminary expenses.. 10,311 340 
» Sundry debtors for current . 7, 414 2 3 
», Other debtors ... 1,693 17 0 
» Running stores on hand at 31st December, "1890. 427 2 3 
£740,422 7 7 


R. Stpwart Barn, Accountant. 


J. 8S. Forszs, Chairman. 
GHARLEs B. WALLER, Manager and Secretary. 


We have examined these accounts with the books and vouchers, 
and certify the same to be correctly drawn up and in, ace ordance 
therewith. 

C. F. Kemp, Forp & Co., 
Chartered Accountants, Auditors. 


The Direct Spanish Telegraph Company, Limited, 


seh sam and accounts of the directors for the half-year ended 31st 
r, 1890, to be presented at the general meeting of share- 
holders, to be held on Tuesday, 17th March, 1891, states that the 
accounts for the half-year ended 31st December, 1890, show, after 
providing for debenture interest, a balance to the credit of profit 
and loss of £6,597 19s. 10d. The traffic receipts show an increase of 
£1,612 6s. 7d. as compared with the corresponding half-year of 1889. 
The working expenses are £221 3s. 4d. in excess of those for the cor- 
responding period of last year. 

he company’s cables and the land-lines in connection with them 
have continued in good working order throughout the half-year. 

The London-Bilbao section of the company’s system has been 
duplexed with excellent results, and is now able to carry a largely in- 
creased traffic. The cost of establishing the duplex (£886 15s. 1d.) 
has been paid out of the revenue for the half-year. 

Of the nee of profit and loss, £2,500 have been put to reserve 
fund (which now pelt tre to £23,051 14s. 8d.), leaving a balance of 
£4,097 19s. 10d. Out of this amount the rs recommend the 
payment of the dividend at the rate of 10 per cent. per annum on the 
preference shares, and a dividend at the rate of 6 per cent. per 
annum, together with a bonus of 1 per cent. (both free of income 
tax) on the ordinary shares, thus making with the previous half-year’s 
dividend a total distribution of 7 per cent. for the year on the 
ordinary shares. This will admit of a sum of £566 10s. 8d. being 
carried to the “ Contingencies Account.” 

The dividend warrants will be issued on the Ist of April, 1891. 

Sir James Anderson and Mr. Etlinger are the rs retiring by 
rotation, and offer themselves for re-election. The auditor, Mr. H. R. 
Duke, retires and offers himself for re-election. 


The South of England Telephone Company, Limited. 


Noricx is given that an extraordinary general meeting of the South 
of England Telephone Company, Limited, will be held at Winchester 


‘ House, Old Broad Street, London, E.C., on Monday, the 16th day of 


March, 1891, at 2 o’clock in the afternoon, when the subjoined rese- 
lutions will be proposed. In the event of such resolutions being 
passed, they will be submitted to a subsequent general meeting for 
confirmation as special resolutions, under the Companies Act, 1862, 
viz. :— 

1. That the agreement submitted to this meeting, and expressed to 
be made between this company and the National Telephone Company, 
Limited, for the amalgamation of the two companies, by a transfer of 
the business and property of this oy (with certain exceptions) 
to the National Telephone Company, Limited, be, and the same is 
hereby, approved. 

2. That with the view of giving effect to the above-mentioned 
agreement, and in order to enable the debenture stock and shares to 
be allotted thereunder, as part of the purchase consideration, to be 
distributed among the members of this company, this company be 
wound up voluntarily under the Companies Acts, and that Mr. Thomas 
Abercrombie Welton be, and he is hereby, appointed liquidator for 
the purpose of winding up its affairs and distributing its property. 

3. That pursuant to the 161st section of the Companies Act, 1862, 
the liquidator be, and he is hereby, authorised to carry the said agree- 
ment into effect, and to receive the debenture stock and shares agreed 
to be allotted, and the cash payable thereunder, and to distribute the 
same among the members of this company. 


50, Old Broad Street, London, E.C., 6h March, 1891. 

The following notice was sent to the shareholders :— 

I beg to call your attention to the enclosed notice convening an 
extraordinary general meeting of the company, to be held on the 16th 
inst., for the purpose of considering an important proposal for the 
sale of this company’s property to the National Telephone Company, 
Limited, and to pass the necessary resolutions, if approved, relating 
thereto. 

Shareholders who have attended the general meetings of this com- 
pany for the past few years will not be unprepared for this announce- 
ment. 

The terms of the proposed sale are as follows :— 

The National Telephone Company to take over the business of this 
company as from November 1st, 1890, together with all assets and 
liabilities. The profits of the business for the six months prior to the 
above date to be at the disposal of the shareholders of this company. 

The purchase consideration payable by the National Company con- 
sists of :— 

1. 12,000 fully paid ordinary shares of the National Company, 
carrying the dividend accruing on 30th April next. 

2. 44 per cent. debenture stock of the National Company for 
£70,000. 

3. Interest at 6 per cent. per annum on the paid-up amount of the 
preference shares from 1st November, 1890, until such date as the 
debenture stock is issued. 

4. The amounts paid in advance of calls on the preference shares, 
with interest, from 1st November last, at 5 per cent. per annum, until 
date of repayment. 

The debenture stock is equal to the amount called up (£3 10s.) on 
the 20,000 preference shares, while the 12,000 atest shares of the 
National Company would on a pro rata distribution give one share of 
£5 for 25 ordinary shares of this company of £1 each. 

The immediate advantage of this arrangement is obvious. The 
dividend on one £5 ordinary share in the National Telephone Com- 
pany last year was 6s., as against 2s. 6d. on 25 £1 shares in this 
company. 

The board have the greatest confidence in recommending this pro- 
posal for your acceptance. 
Frep. L. Roprnson, Secretary. 


The board hope you will be able to personally attend the meeting, 
but if not that you will sign and return the enclosed proxy, in favour 
of the two directors who were appointed by the board to negotiate 
the sale, which should be at this office not later than 2 p.m. on the 
14th inst. 


Oriental Telephone Company.—The directors of this 
company have resolved, subject to final audit of the accounts, to 
recommend to the shareholders a dividend at the rate of 2} per cent. 
per annum for the t year on the entire paid-up capital of the 
company, which dividen d, being payable only to the ordinary share- 
holders, is equal to 34 per cent. on their shares. 

Brazilian Submarine Telegraph Company, Limited. 
—tThe directors have declared an interim dividend of 3s. per share, 
or at the rate of 6 per cent. per annum, free of income tax, for the 
quarter ended December 31st, 1890. 





TRAFFIC RE RECEIPTS. 


The Brazilian Submarine Tele; ngh Compe Company, Limited. The receipts for the 
week ending March 6th, 1891, amounted to £6,613. 

The City and South London Railway Company. The traffic receipts for the 
week ended ‘March 7th, amounted to £731. 

The Great Northern Telegraph Company. Receipts in Febuary, 1891, £20,800; 
Ist January to 28th February, 1891, £41,600; corresponding month 1890, 
£39,400 ; corresponding month 1889, £42, 000. 

The Western and Brazilian Telegraph Company, Limited. The receipts for the 
week ending March 6th, 1891, after deducting 17 per cent. of the gross 
receipts payable to the London Platino-Brazilian Company, were £5,349. 
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SHARE LIST OF ELECTRICAL COMPANIES. 























Present | Stockor | Closing eit. | euttag wok ont 
oy onus Share. | Gaereh 3) Mer is) | “a 12, TSOL 
=a ae agp ~ | Highest. ‘Lowest 
250,0007| African Direct a Ltd., 4 p.c., Deb. heh and to Bearer 100 99 —102 99 —102 coo 
1,381,3802 Anglo-American Telegra Limited. Stock 47 — 48 474— 485 48 472 
2,809,310/ Do. do. 6p.c. eer Stock 84 — 85 844— 854 853 854 
2,809,107} Do. do. Deferred Stok | 1144-12 | 11—11h |... a 
130,000 | Brazilian Submarine Telegraph, ‘Limited 10 11f— 12} | 11#— 124 | 12 11? 
84,5007 Do. do. 5p.c. Bonds... 100 100 —103 100 —103 |... ove 
75,0007 Do. do. 5 p.c., 2nd Series, repayable in J Jtine, 1906 . 100 103 —107 103 —107 | 
63,416 | Brush Electric Engineering Ordinary, Nos. 1 to 63,416 3 24— 28 1j— 2 | 
63,416 | Do. do. Non cum. Preference, Nos. 1 to 63, 416 2 14— 2xd 14— 2 ine son 
50,000 | City and South London Railway, Nos. 1 to 50,000 ... 10 6 -- 5s— 64 | 64 53 
$7,216,000 | Comnierciv! Cable, Capital Stock é $100 108 —110 108 —110 | 110 108% 
224,850 | Conso%i:s.ed Telephone Construction and Maintenance, Limited .. 14/- — ve— x —— a 
,000 | Cromptor & Co., Ltd, 7 p.c. Preference Shares, Nos. 1 to 20,000 Stock 5— 54 5— 5 |... oe 
16,000 | Cuba Telegraph, Limited 10 104— 114 10j— 115 | 11} 104 
6,000 | Do. do. 10p. c. Preference 10 163— 174 1645— 174 | 1774 163 
12,931 Direct Spanish Telegraph, Limited, “(£4 only paid) 5 3%— 44 = << wo nes 
6,000 | Do. do. 10 p.c. Preference ne = si 5 94— 104 95— 104 ps on 
60,710 | Direct United States Cable, Limited, 1877 20 104— 103% 104— 103 10% 10s 
400,000 | Eastern Telegraph, Limited, Nos. 1 to 400,000 10 14 — 14} 14 — 14} 14} 14 
70,000 | Do. 6 p.c. Preference ... 10 15 — 154 153— 15} 154% 154% 
200,0007 | Do. 5 p.c. Debs. (1879 issue), repay. August, 1899 100 107 —110 107 —110 107 vis 
yoy Do. 4 p.c. Mortgage Debenture Stock .. | Stock | 107 —110 107 —110 we tia 
250,000 | Pom ixtension, Sag eagy and China Telegraph, Se 10 143— 15} 149— 15} 15 14% 
5 p. c. (Aus. Gov. Sub.), Deb., 1900, re wail asa! 
91,8007 p. ©. ( ) trary or 7 } 100 | 103-106 103106 | 104 
325,200/ do. Bearer Nos. 1050—3,975 and 4,327—6,400 100 103 —106 103 —106 - sie 
320,000/ 4 p.c. Debenture Stock _.... Stock 105 —108 105 —108 1064 105 
| { Eastern and South African Telegraph, Ltd., ‘6 p.c. Mort. Deb. 1900 as a 
mean redeem. ann. drawings, Registered Nos. 1 to 2,343 } 100 adiiivens oe = 
198,200/ | Do. do. do. to bearer, Nos. 2,344 to 5,500 = 103 —106 103 —106 
201,600/ | Do. do. 4 p. c. Mort. Debs. Nos. 1 to 2016, red. 1909 100 99 —101 99 —101 
45,000 | Electric Construction, Limited, Nos. 101 to 45,100 . os - 10 5— 6 oem & 
19,900 *Electricity Supply Co. of Spain, Nos. 101 to 20,000 .. 5 44— 5 44— 5 
66,750 | Elmore’s French Patent Copper Depositing Co., Ltd, Nos. 1 to 66, 750 2 1g— 2 | ae a vee 
70,000 Elmore’s Patent Copper Depositing, Limited., "Nos. 1 to 70,000... 2 23— 34 23— 34 | Si 23 
67,385 | Elmore’s Wire Mfg., Ltd., Nos. 1 to 67,385, issued at 1 p.m., all pd. 2 1j— 1} | ee Te in 
20,000 | Fowler-Waring Cables, Nos. 301 to 20,300... = only nee 5 24— 34 Zhe 3h |. ame 
180, 227 | Globe Telegraph and Trust, 9 28 10 9— 9} 94— 98 | 97, | 94 
180,042 Do. do. 6 p. c. Preference 10 15 — 154 15 — 15¢ | 15} 15 yy 
150,000 | | Great Northern Tel. Company of Sota 10 17 — 174 163— 174 17% 174 
220,007. Do. do. 5 p. c. Debs. (issue ‘of 1883) 100 103 —106xd 103 —106 1054 1034 
9,3847, Greenwood and Batley, Ltd., Ordinary, Nos. 4667 to 14,000 ~ 10 104— 114 104— 114 tine a 
5,334/ | Do. 7 p.c. Cumulative Preference, Nos. 2,667 to 8,000 | 10 11 — 12 11 — 12 owe em 
41 600 India-Rubber, Gutta Percha and Telegraph Works, Limited oe 10 18}— 194xd) 184— 19} 193 19} 
,0007 | Do. do. 44 p.c., Deb. 1896... 100 104 —106 104 —106 ee _ 
17,000 | Indo-European Telegraph, Limited ... 25 37 — 39 37 — 39 i 
11,334 | ones “agua “eae Ltd., Ordinary Nos. 22,667 to 34,000 .. 10 9— 9 Si— 9% | C... 
11,334 | Do. Preference Nos. 5,667 to 17,000 10 93— 9 93— 9 vee 
38,348 _ London Platino Braxilian Telegraph, aes : ee 10 64— 74 64— 7 ase 
100,0007 Do. do. do. 6p.c. Debentures... 00 105—108 xd) 105 —108 |... on 
43,900 *Metropolitan Electric Supply, Ltd., Nos. 6,101 to 50,000 (é9 paid) 10 8f— 94 87— 9} “? ie 
438,984 | National Telephone, Limited, Nos. 1. to 438, ee 5 48— 44 “a— & 44 4th 
15,000 | Do. 6 p.c. Cum., 1st Preference... 10 12%— 13} 127— 13} -_ a 
15,000 | Do. 6. p. c. Cum. 2nd Preference (£8 only paid 10 10}— 103 103— 10% 
220,000 Oriental Telephone, Ltd., Nos. 80,001 to 300,000 (11s. only paid) 1 j— 3 =— § . 
9,000 | Reuter’s Limited .. 8 84— 9 84— 9 8i3 
209,750 | South of England Telephone, ‘Limited, Ordinary Nos. 1 to 2,000, 1  # a 
2,501 to 3,500, 93,251 to 300,000 ; 
20,000 | Do. 6 p. c. Cum. Pref., Nos. 1 to 20,000 (£34 only paid) 5 2g— 3} 23— 3} 
3,381 | Submarine Cables Trust ert. 115 —120 115 —120 oa 
78,949 | Swan United Electric Light, Limited .. | (£34 only paid) 5 44— 5 44;— 5 45 ss 
37, 350 | a Construction and Maintenance, Limited 12 46 — 48 44 — 46 47} 46} 
150,0002 do. do. 5 p.c. Bonds, red. 1894 100 102 —105 102 —105 pee sale 
58,000 | United ‘River Plate Telephone, Limited ; 5 B. — 4 a— 4 ae oer 
146,128/ | Do. do. 5 p.c. Debenture Stock Stock — 9% 85 — 95 ne 
83,2007 Do. do. 7 p. c. Debs., Nos. 1 to 1,000 100 ee aes oe 
15,609 | West African Telegraph, Limited, Nos. 7,501 to 23,109... 10 8— 9 8—9 ve ve 
290,907, Do. do. do. 5p.c. Debentures 100 97 —100xd 97 —100 BS ae 
30,000 | West Coast of America Telegraph, Limited ... 10 2— 4 2— 4 ve oat 
150,000 | Do. do. do. 8 p. c. Debs., repayable 1902 100 94 — 99 94 — 09 a ef 
64,174 | Western and Brazilian Telegraph, Limited ... = 15 12 — 124 12 — 12} 124 | a 
27°873 3 | Do. do. do. 65p.c. Cum. Preferred 74 63— 7 6j— 7} 6g eve 
27,878 | Do. - > So c. Deferred ... 74 54— 52 5i— 5? Sie | 
200,0002 _ . c. Debentures “ A,” 1910 uth 100 103 —106 103 —106 1055 |... 
250,007, Mort. ain series “B” of 80,red. Feb.,1910} 100 103106 103106 | 105 | 1034 
88,321 West I India and Te Tot Limited . 10 2g— 3% 27— 3 fie) fk 
84,563 | Do. do. 6 p.c. Ist Preference | 10 114— 12 114— 12 1lg | li 
4,669 | Do. = do. 6 p.c. 2nd Preference _... 10 11 — 12 11 — 12 oe | nia 
$1,896,000 | Western Union of U.S. Tel., 7 p. c. 1st Mortgage (Building) Bonds $1,000 120 —125 120 —125 
176,1002. Do. do. 6 p. c. Sterling Bonds . i00 | 100—104xd 100 —104 mt, 
42/858, *Westminster Electric Supply Corporation, Ord., Nos. 101 to 42,953 3 | 38— 4% 3g— 4 34 





+ Subject to Founders’ Shares. 


Larest PROCURABLE Quotations OF SECURITIES NOT OFFICIALLY QUOTED. 


Blackpool Electric Tramway Com , Limited, £10 (£63 d), 73—78.—City of London Electric Lighting (Pioneer), Shares of £50, £25 

paid, 30—32. eae pee de Cop jen Bagg 20s., 10s. Dis.—Elmore’s Priorities, 3g—4}.—House to House Company 
(£5 paid), 42—5}.—London Electric Supply Corporation, Ordinary (£5 paid), 1j—-24.—Manchester Edison and Swan Company, 
£9 (a paid) 2s 6d.—5s.—-St. James’s and 2 Pall Mall Electric Light £5, 623—63.—Woodhouse & Rawson Ordinary of £5 (£2 10s. 
paid), 2—24.—Preference, fully paid 4—4§.—Debentures 90—95. —Woods Electric Car, £10 paid, ?—1}. 


Bank Rare or Discount.—3 per cent, (29th January, 1891). 
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PROCEEDINGS OF SOCIETIES. 


The Institution of Electrical Engineers. 
“TRANSFORMER DisTRIBuTiIon.” By J. SwrxBuRNE, Member. 
(Concluded from page 304.) 

CoNDENSERS. 


Condensers frequently figure in electric light literature, but they 
are only put forward as possible means for transfo‘ming currents. 
Direct currents and interruptors are generally discussed. Condensers 
may, however, have another very large — in connection with 
ordinary alternate current distribution. Take, for instance, the case 
of arc lamps. It is customary, whenever possible, to run arc lamps 
in long series with high pressures, generally with direct currents. In 
many cases such an arrangement is very convenient; but wherever 
there are incandescent lamps to be fed at the same places as the arcs, 
it is, of course, wasteful to run two sets of engines, dynamos, and 
leads. With direct currents this is sometimes necessary, for arc 
lamps in parallel do not burn well on 100-volt circuits, and must be 
ai tee at a time; and at 50 volts resistance is needed in series, 
which is wasteful. With alternate currents nothing is easier than to 
run lamps with choking coils. If the supply is high pressure, each 
lamp can have its own transformer, and the transformer can be 
wound for nearly constant secondary current. Prof. E. Thomson has 
brought out several forms of constant current transformer, and so has 
Mr. Tesla. The “Hedgehog” form, however, lends itself especially 
well: all that is necessary is winding the coils one at each end in- 
stead of one over the other. Whether the mains are high or low 
pressure, choking coils or constant current transformers will give rise 
to large currents at the station, which will lower the output of the 
machines. 

For instance, suppose a station supplies a 100-volt secondary 
circuit by means of transformers with 2,000 volts primary pressure ; 
and suppose there are 200 arc lamps, each taking 33 volts and 10 
ampeéres, arranged on the 100-volt circuit, with a choking coil in series 
with each. oF: for simplicity, that there are no incandescent 
lamps in use. e arc lamps then take 2,000 ampéres and 100 volts; 
but this does not amount to more than 66,000 watts, as the current is 
not in step with the electronetive force. The dynamos thus have to 
supply 2,000 volts and 100 ampéres ; whereas the same —— if the 
current did not lag, would be supplied by 2,000 volts and 33 ampéres. 
This gives rise to several troubles. Suppose each machine has an 
armature wound to give 2,000 volts and 33 ampéres, or 66,000 watts, 
it takes three instead of one to work the lamps. In addition to this, 
the lagging of the current weakens the field of the dynamos, so that 
they need more excitation to give 2,000 volts than they would need 
even on full load on a non-inductive resistance. Moreover, running 
three engines and dynamos at a third loag instead of one at full load 
is not economical. A condenser takes a current which leads rela- 
tively to the pressure, so that it counteracts the effect of the lagging 
current. The 100 ampéres may be regarded as compounded of 33 
ampéres in step with{the pressure, and 95 ampéres lagging a quarter 
of a period. A condenser of about 85 microfarads will supply the 
95-ampére component, while one dynamo supplies the 33 ampéres 
really needed by the lamps. This reasoning holds good without the 
curve of sines assumption. 

The use of condensers to overcome troubles arising from exciting or 
magnetising currents of closed or open circuit transformers’ has 
already been mentioned. 

They may also be used to increase the output of dynamos. As 
already explained, even if a dynamo is worked on resistance, the 
cross induction causes the current to lag, and the back induction 
weakens the field. If a condenser is put in shunt to the terminals of 
the machine, its current strengthens the field again and increases the 
terminal pressure, and therefore the output. If the condenser is 
large enough, and if the armature actions are great enough, it might 
be possible to make a machine excite itself without any field winding 
at all. This action of a condenser on a dynamo may be equally easily 
explained on the self-induction theory. The difference between the 
two theories may be shown here, however. According to the self- 
induction theory, if the condenser is large enough to produce re- 
sonance—that is to say, when (2 x)? K = 1—the output increases 
till the current is as great as if the no-load pressure of the machine 
were short-circuited on the armature resistance. According to the 
armature reaction theory, the machine increases its field till the field 
magnets become more saturated. In fact, the machine is like a direct 
current shunt wound dynamo which has a low resistance shunt. Ido 
not wish to go into this matter further here, for it might lead toa 
discussion of a rise in the Deptford mains—a subject which will be 
treated, I am informed, in a forthcoming paper, and will certainly 
feceive full justice at the hands of the authors. 

The commercial manufacture of high pressure condensers is 
not so easy as might be supposed. Knowing the difficulties there 
are in insulating leads and mains—in which thick insulation is per- 
missible, and, in fact, advisable—it may be realised that to insulate 
many hundreds of square feet of metallic surface with the thinnest 
— material is anything but an easy problem. In addition 

being a good insulator, the dielectric must be free fromy “ absorp- 
tion.” Some account of my work on condensers has lately been 
given.* Mr. W. F. Bourne, who has carried out all the experiments, 
has tried almost every conceivable kind of dielectric, and finds a kind 
of paper called “ butter-skin,” soaked in paraffin oil, the best material. 
It is curious that this particular kind of paper is specially made so as 
to be grease-proof, Some kinds of bank post paper worked nearly as 





* Phil. Mag., February, 1891. 


well, but it is too sive for commercial use. It seems as if the 
paper must be relied upon for insulation, not the paraffin. The con- 
densers are simple cast iron boxes containing numbers of sheets of 
paper and tinfoil. Lids are fitted on and made tight. 


Town LicHrtimne. 


Alternate arc lamps have already been discussed to some extent. 
In some places, especially in small towns, it is usual to have special 
circuits for the town lighting, which are shut off during the day. It 
is needless to point out that if the low-pressure network is used, con- 
densers at the station allow arc lamps to be run with choking coils, 
and incandescent lamps can be run direct, and it is no more neces- 
sary to run special mains for the street lighting than it is needful to 
put down two sets of gas pipes in a town. Sometimes, however, 
high-pressure mains are uw! Each arc lamp can then have its own 
constant-current transformer. If incandescent lamps are used, the 
plan generally adopted is using a transformer for every 10 or 20 
lamps. If the wires are underground, this involves great expense ; 
and, if overhead, it means both expense and unsightliness. A small 
“ Hedgehog” transformer has been designed to meet this particular 
want. It is so small that it can be worked into the design of the 
lamp-holder or shade, and one can be used for each lamp. 

In America alternating arc lamps are run in series, with a series 
transformer for each. This arrangement is quite unnecessary for 
places where there is incandescent lighting too. It has the advantage 
of allowing series arcs without bringing high pressures into the lamps. 
It has no other advantage over direct series lighting. The dynamo 
used by the Westinghouse Company is made to give nearly constant 
current. This isa barbarous arrangement. It is a reversion to the 
old alternating machines of 10 years ago, which gave approximately 
constant current. All that is needed is great armature reaction, and 
hence a large machine for the output. - The economical way of getting 
constant current is to use a good dynamo, and to take the governor off 
the engine, or to use it as a safeguard against racing only. If the 
Westinghouse machine has only quarter load on, it still goes at full 
speed, using nearly full steam, and wearing everything out. With a 
constant pressure dynamo it would run at quarter speed, each 
cylinderful of steam being used economically and being expanded 
properly. To put a constant speed governor on the engine, and then 
to design a special dynamo to get over the difficulties you have intro- 
duced, is a very common proceeding with direct current arcs also. 

Alternating constant currents have, however, one advantage over 
direct that I think is not realised. Synchronising motors will run 
perfectly on series constant current circuits; and as they run at con- 
stant speed, there is no racing or trouble about governing, as in the 
case of direct currents. Of course, constant speed of engine is here 
necessary to give constant frequency. Many people seem to have 
gathered from Dr. Hopkinson’s paper that series alternating motors 
will not run; but this is a false inference. 


FEBRUARY 26rH, 1891. 


Discussion ON Mr. SwINBURNE’S Paper, “ TRANSFORMER 
DIstTRIBUTION. 


(Authorised Abstract.) 


BEFoRE the commencement of the discussion, Mr. SwINBURNE showed 
three of his “ Hedgehog ” transformers, having outputs of 2,000, 3,000 
and 120 watts respectively. The primary of the first was wound for 
a pressure of 1,000 volts at a frequency of 130, that of the second for 
2,400 volts at 70 periods. The third was intended for street lighting. 
He said he anticipated a lively discussion on the subject of open +. 
closed circuit transformers, and in order that a better comparison 
might be made, he hoped speakers would give all details of the 
patterns to which they referred. As a word of warning to those who 
intended to criticise the “ Hedgehog,” he remarked that, like the 
Scotch thistle, its motto was Nemo me impune lacessit. . 

Mr. Esson said the paper would be regarded as a most important 
one, for it serves to rectify certain errors which have recently crept 
into the consideration of alternating current machines. The discus- 
sion on Mr. Mordey’s paper left things in a very unsatisfactory state, 
for no figures were given by which the offered explanation of the ex- 
periments could be confirmed or confuted, and at the close of the 
discussion the author himself admitted that some self-induction was 
necessary for successful parallel working. The question of how much 
was needed was not at all clearly understood, for Mr. Swinburne said 
that coreless armatures had not sufficient, and Mr. Mordey thought 
that because his armature had no iron core, it had practically no self- 
induction. Now it is known that both were wrong, and that arma- 
tures without iron may have self-inductions quite comparable with 
those cored armatures. He then pointed out that the classification 
of armatures into those having iron cores, and those without, had led 
to misconception, and showed that the chief differences between, say, 
a Siemens or Ferranti alternator, and those of the Lowrie-Parker or 
Westinghouse form are, 1st, in the position of the air gap, and 2nd, 
that in the cored armatures part of the iron forming the magnetic 
circuit moves, or is utilised to lay the generating coils on. Diagrams 
1 and 2 were shown to illustrate these differences. Speaking of Mr. 
Swinburne’s armature reaction theory, he said Dr. Hopkinson in- 
cluded armature reactions in his term “ self-induction,” and remarked 
that it would be difficult to deal with self-induction, as exhibited by 
alternators, without including these reactions. Dr. Hopkinson had 
also stated what should be the value of this self-induction; Mr. 
Swinburne, however, objects to the treatment on the ground that the 
harmonic law does not hold, yet he gives no hint as to how the mag- 
nitude of the reaction effect is to be estimated, nor any indication of 
a law that does hold. With the author’s objections to complicated 
high pressure networks he heartily agreed, having himself made 
similar observations in the discussion on Mr. Crompton’s paper three 
years ago. He also believed it better to use 1,000 volts instead of 
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2,000, but failed to see any advantage in feeding parallel machines 
into common bars and then isolating the supply circuits by feeding 
them through transformers. On the subject of transformers, he re- 
marked that the true efficiency was the ratio of the useful energy 
supplied by the secondary during lighting hours, to that put into the 
primary in the 24 hours, and that upon this ratio the efficiency of the 
system mainly depends. Coming to the examination of Mr. Swin- 
burne’s figures for the efficiency of the closed cireuit type, he found 
this efficiency rather understated. Taking a 50-lighter tested by Prof. 
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Ayrton some three years ago, its efficiency at half load was 90 per 
cent., whilst the loss with. open secondary was 53 watts. Now sup- 
posing this to work at half load for only four hours out of the 24, its 
all-day efficiency comes out 69 per cent., whereas Mr. Swinburne 
makes out the efficiency of a modern closed circuit transformer to be 
only 51 per cent. He thought all would agree that it is of great im- 
portance to make the “all-day efficiency” as high as possible, but 
doubted whether Mr. Swinburne takes the best way of doing this. 
For if the “ Hedgehog” transformer be cut in two and made into a 
closed circuit one resembling fig. 3. the watts spent in hysteresis 





Fia. 3. 


would not increase by more than 66 per cent., and if the loss in the 
“Hedgehog ” is only 13°5 per cent., the 66 per cent. increase would 
give 22°5 for the loss in the closed circuit transformer, instead of 120 
as given in the paper. Making this correction, the “ all-day effi- 
ciency " of the closed circuit converter comes up to 80 per cent., and 
by re-designing it this could be further increased. It therefore 
appears that there is little to choose between them. 

In conclusion, he pointed out that in 1885 Messrs. Gaulard & Gibbs, 
at his suggestion, closed the magnetic circuits of their transformers, 
thus making them resemble fig.3. Messrs. Ganz & Co. experimented 
on a similar form in 1884, and after trying several types have again 
returned to it, thus showing that no great advance has been made in 
the shape he suggested some six years ago. 

Mr. Morpey said he did not propose to touch upon the first part of 
the paper, as he thought he could best utilise the time at his dis- 
posal by confining himself to one definite subject. On alternators he 
did not at present wish to add anything to the practical contribution 
that two years ago he had given to the study of the subject. On 
many of the minor points of distribution he agreed with Mr. Swin- 
burne’s conclusions, but, from its present interest, he thought the 
design of transformers was the most important subject dealt with in 
the paper, and to that he would confine himself. It was interesting 
to notice that the author had arrived at his present conclusions by a 
zigzag path, as was seen by a reference to the journal for ’88, where, 
in the discussion of a paper by Prof. Forbes, Mr. Swinburne said : “I 
notice a slip where Prof. Forbes said that some transformers would be 
more efficient if the iron circuit were open. AsI fell into the same 
error myself, I may point out that the waste of energy is / 1d H,” and 
so on. He (Mr. Mordey) would first sum up the author’s present 
grounds for preferring open circuit transformers. They were (1), 
that iron is wasteful, hysteresis loss heavy and continuous; (2), that 
losses are easily ascertainable by calculation only, from c? R in the 
conductor, and by Ewing’s or Hopkinson’s curves for hysteresis (which 
he says is constant for all loads) and by calculation for the eddies. 
(3) that these phenomena in iron and action of transformers being 
understood fully, that only “ phenomenal iron” can improve closed 
circuit transformers. (4) that tests of closed circuit transformers by 
various observers showing high efficiency are wrong, as such efficiencies 
do not agree with the author's calculations. (5) that magnetising 
current was large even in the closed circuit type. On the question of 
these losses Mr. Mordey said that careful tests were needed to decide 
the points, not calculations. Many independent observations on 
closed circuit transformers by various methods, such as the calori- 
meter method used by Prof. Ayrton and others, the “ split dynamo- 
meter” method denied by Mr. Blakesley, &c., had shown the efficiency 
to be very high. The method he had himself devised and alluded to 


in 1889, viz., finding the steady temperature to which the transformer 
s raised when working at a known output, and then determining the 
loss by supplying, with direct currents, sufficient power to maintain 
this temperature, led to similar results. Recent tests of a 6 kilowatt 
transformer of his own design by the latter method gave the loss on 
open circuit as 110 watts and at full load 205 watts, of which 176 are 
accounted for by c? R in the copper. This leaves only 29 watts for 
the iron losses at full load, whereas at no load they amounted to 110. 
On calculating the theoretical iron loss from Ewing's curves it came 
out 180 watts at the magnetisation employed. These results show 
that as the loss in the copper increases, the iron losses diminish, and 
that conclusions based on the assumption that the iron losses are con- 
stant and can be calculated from Ewing's curves, are erroneous. On 
the basis of the above tests the efficiencies at various loads of the 

articular transformer were calculated to be as follows, the first and 
ast being determined by experiment, the intermediate filled in by 
calculation. 





| Load. Efficiency. | 
Full | 96°7 | 
| ? 96°2 approx. | 
4 | 921 ” 
4 | Cy ow 


At no load the total loss was 1:8 per cent. of the full output, and 
the apparent loss (viz.,c x v) 3:1 per cent, the lag between E.M.F., 
current (determined simply from the ratio of the true to the apparent 
waste) therefore being 53° and 54°. 

On the important subject of “all day efficiency,” which Mr. Swin- 
burne finds to be very low in closed circuit transformers, Mr. Mordey 
gave the following numbers as relating to the transformer above 
mentioned, which was one of the Brush Company’s ordinary type:— 





\ 
Full a ee Stee All-day efficiency, 
: | 
: ! 86 
5 | 82°7 
} 68°6 
4 52°6 








He remarked that the small difference between the steady tempera- 
ture of transformers working at no load and at full load was noticed 
by him in 1889. For instance, in one case this rise of temperature 
was 43° F. at no load, whilst at full load it was 48° F. only. For 
this observation no one could infer that either the transformer |was 
very inefficient, or that the loss in the copper was very small, or that 
some other explanation was needed. Now he knew that neither of 
the first two suppositions was correct, hence the necessity for some 
other explanation. Just before the meeting Professor Ayrton had 
shown him some tests of one of his transformers, made by Blakesley's 
method. These tests conducted by Professor Ayrton confirm his own, 
and as an instance of this gave the following numbers, which he said 
were taken from several pages of concordant figures :— 


| Tron losses 


| Watts. (watts). | Efficiency. 
210 2,363 3 | 945 | 
” | 907 69 | 90°4 
160 2,638 21 93 
" 2,425 18 93:8 | 
” 849 69 | 90 | 





These tests, together with many others, made by disinterested 
observers, all point to the conclusion, to which he had been led, viz., 
that the losses in the iron decrease with the load. He submitted 
that these results, if correct, upset every one of the author's bases. 
But even if Mr. Swinburne’s contentions were true, the low “ plant 
efficiency” obtained would seriously interfere to prevent the practical 
use of transformers constructed in accordance with his views. The 
author confesses to three-tenths of the plant being required to supply 
the magnetising current, but says that closed circuit transformers 
require two-thirds as much, which is by no means the case. The use 
«f condensers would reduce this great disadvantage of open circuit 
transformers,*but it must be remembered that condensers would also 
reduce the small disadvantage of closed circuit transformers. If 
satisfactory condensers could be obtained (and he congratulated the 
author on the progress he seemed to have made in that direction) he 
thought the outlook for closed magnetic circuits was better than ever. 
The best plan of all was to make apparatus so that it could be left to 
work in its simplest form. 

Mr. Crompton thought the results of his own tests on transformers 
would confirm Mr. Mordey’s observations, but they also enabled him 
to contradict some of the statements made by that gentleman. In 
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the first place the number of hours required for transformers to attain 
a steady temperature was much iter than Mr. Mordey would have 
us believe, for he (Mr. Goeeetont hed kept them running for 30 hours, 
and still the temperature was not constant. He had also kept both a 
“ Hedgehog ” and a closed circuit transformer of equal output on for 
20 hours, the final temperature of the former being 120° F., whilst 
that of the latter was 212° F. His experience with the “ Hedgehog ” 
in the lighting of Chelmsford been satisfactory. Referring 
to “all-day efficiency,” he said most people speak of the efficiency of 
transformers being 90 per cent. at half load, as if this was their nor- 
mal working condition. This load was far above the average, even 
‘duxing lighting hours. It might be approximately right for shops 
and other places “where ‘the lead is readily ascertained, but 
for private houses it was much too high. Taking the case of a cus- 
tomer whose lighting bill, at 8d. per unit, amounts to £20 a year, he 
said such a house would require a 50 to 60-light transformer, and the 
average consumption throughout the year would be 70 watts. The 
transformer would thus be working, on an average, at ,th its full 
load. It was curious to notice that in the transformer mentioned by 
Mr. Mordey (see Table III.), the iron losses at light loads were about 
69 watts, and thus the yearly efficiency would become very near 
indeed to 50 per cent., the number he gave three years ago. He 
would have been glad if Mr. Mordey had given the statistics of some 
of the transformer stations with which he was connected, in the 
shape of the ratio of energy paid for, to energy sent out from the 
station. This, he said, was the important point, and at present it 
appeared that transformer plants were using about 24 times as much 
coal, per unit sold, as direct systems. All this extra coal, he sub- 
mitted, was spent in heating the transformers. Banking transformers 
and distributing at low pressure would diminish this loss, but after 
all, what did this come to? Simply that you put down a high pres- 
sure line with its expensive insulation and a transformer at the end 
of it, whereas with continuous currents a rather heavy feeder with 
cheap insulation was all that was required. Transformers, he said, 
were not so easy to manage as was imagined, and were, in this respect, 
much better than secondary batteries. On the question of “storage” 
he could not agree with Mr. Swinburne’s opinions, for in stations sub- 
ject to uncertain loads, the employment of accumulators to the extent 
of 20 or 30 per cent. of the total output enabled the working ex- 
penses to be reduced immensely. In his opinion, the reason why 
storage is not used in America was that the loads were fairly steady, 
and a satisfactory storage cell was not to be had there. 

Mr. ADDENBROOKE remarked that Mr. Swinburne was under a 
wrong impression when he stated-that probably no existing company 
intended changing their system of supply, for he (Mr. Addenbrooke) 
well remembered that when Mr. Ferranti took out his first patents 
for transformers, the subject of sub-stations and low pressure distri- 
bution was thoroughly appreciated by the inventor. At that time, 
however, it was impossible to found sub-stations, but it had always 
been the intention of Mr. Ferranti, as well as of the House-to-House 
Company, to adopt this system whenever they could. The cutting 
out or in of transformers at such stations could be effected either 
automatically or by hand on the lamp-lighter principle, and with 
either method a difference of 1 or 2 per cent. in the efficiency of the 
transformer would be a matter of little importance. 

Mr. EversHED regretted that the diagrams belonging to the paper 
were not issued with the proofs, for without them it was very difficult 
to follow the reasoning. He described as admirable the explanation of 
how alternating dynamos act as motors, and said the action was much 
easier to understand on the armature reaction theory than by the 
older ideas about self-induction. Referring to the compound 
machines mentioned on slip 7, where the magnets are excited by a 
redressed alternating current, he enquired how the sparking could be 
got over. On slip 8, the author says cast iron magnets would not 
respond quickly to armature reactions, but he (Mr. Evershed) failed 
to see why this should be so, for the high specific resistance of the 
iron would prevent Foucault currents almost as well as laminated 
wrought iron. In conjunction with Mr. Vignoles, he had made many 
experiments on the loss by hysteresis in different samples of iron, 
and had never found a sample give more than 25 per cent. more 
loss than Ewing’s specimen ; only one sample gave this value, and it 
was an ordinary bar taken out of a smith’s shop. In most cases, the 
losses are about 5 per cent. more than that found by Ewing. On the 
subject of efficiency of transformers, he said Mr. Swinburne had not 
taken a good design of closed circuit converter with which to compare 
his “ Hedgehog.” 

Mr. SwinsurneE here remarked that in his B.A. paper he had given 
the best proportions of copper and iron for the closed circuit form, 
but in this paper he had taken an average of the various forms in the 
market. 


Mr. EvERSHED said that to be anything like a good design there 
should be much more copper in it, about 2,000 turns in the primary 
instead of the 400 given. This would reduce the iron loss to 
40 watts instead of 120, and the exciting current would 
be reduced. to ‘08 instead of °3 ampére required by the open 
circuit type. Nevertheless, if good condensers could be ob- 
tained, the large exciting current would not be a serious defect. The 
subject of open versus closed circuit transformers had occupied his 
attention for some time, and he found that if you cut the iron circuit 
of one of the latter form, its efficiency is increased. Such being in- 
variably the case, he said, why not “ go the whole hog or none,” and 
do away altogether with the iron core. Recently he had worked out 
the dimensions of a 10 H.P. transformer made on this plan, and 
found that at a frequency of 70 it would require two tons of copper. 
if, however, the frequency was raised to 210, the weight was reduced 
to 200 lbs., and the saving resulting from the absence of a core 
amounts to 20 per cent. annum on the cost of the transformer. 


Difficulties might be experienced in making alternators for such high ~ 


frequencies, but so far as coreless transformers were concerned, high 
frequency was decidedly advantageous. F 


Physical Society, February 27th, 1891. 
Prof. W. E. Ayrton, F.R.S., President, in the chair. 


Prof. A. Gray, M.A., was elected a member of the Society. 

The following communications were read :—‘ Proof of the Gene- 
rality of certain Formule, published for a Special Case by Mr. 
Blakesley. Tests of a Transformer,” by Prof. W. E. Ayrron, 
F.R.S., and Mr. J. F. Tayror. 

In 1888 Mr. Blakesley published a number of formule relating to 
the measurement of power, &c., in alternating current circuits by 
means of electro-dynamometers, one of which had its two coils inde- 
pendent, and placed in different circuits. These formule were 
deduced on certain assumptions, the chief ones being that the 
currents and magnetisations varied harmonically, and that the mag- 
netic stress in the iron was proportional to the ampére turns. The 
present paper shows that the above assumptions are not necessary to 
the truth of the resulting formule. To take the case of a trans- 
former, let alternating current ammeters be placed in the primary 
and secondary circuits, and a direct reading “split dynamometer ” 
have a coil in each circuit. Let D,, D, and D,, be the re- 
spective readings of these instruments, then whatever be the law 


of variation of the currents, 
Dp = a/ * ‘a A’ dt 
a4 where A, and A; are the values 
i ft of the primary and secon 
D, = a/ = A; dt > currents at any instant, and T 
Th the time of one complete alter- 


NE = — nation. 
ben Ap As dt 
T P , | 


If i be the total induction in the core, P and S the numbers of 
turns of wire on the primary and secon respectively, V, and 
V, the terminal pressures, » the resistance of the primary coil, and 
s the resistance of the whole secondary circuit, then the following 
equations hold at any instant :— 





Vp =pA,+ P4 | 
dt P 

Therefore V, = pp Ap + =s As 
di 5 4 | Ss 


Te 


Multiplying both sides by Ap we get Ap V, = p A, + ze Ap A, ; and 


integrating from ¢ = 0 to¢ = T, and taking the mean 


1 2 P s 
tae veat = gf Apdt + = wf Ardea 


or watts in primary = p D; + e s D,, quite independent of the laws 
8 


ps 
of variation of A and V. 

The power lost in heating the iron core was also shown to be 
8 (5 Dr _ D). Other formule, such as that given by Mr. Blakesley, 
expressing the primary volts in terms of the dynamometer readings, 
are shown to be true generally. 

On the subject of transformer magnetisations, the authors state 
that it is desirable not to speak merely of the ampére-turns, but also 
of the self-induction, for they have reason to believe that the mag- 
netising value of an ampére-turn varies. Defining the self induction 
of the secondary by the equation L, = st , N being the total flux 
through the secondary, they show geometrically (assuming harmonic 
variations) that if L, diminishes the efficiency increases, and at the 
same time, the phase angle, #, between the primary and secondary 
currents, and the magnetic lag, ¢, decreases. On comparing this theo- 
retical deduction with the results of experiment, they find a good 
agreement, as will be seen from the following table :— 














Frequency. Efficiency. | L, 6 ? 
| | t 
160 | 963 percent. | ‘0017 ae. |}: ee 
» | 2 » | 0368 169 | 18°24 
| 85°4 s | 


1241 1746 | 45° 36’ 


Similar results were obtained in different sets of experiments. It 
was also noticed that as the secondary current is increased, the effi- 
ciency rises to a maximum and then diminishes, whilst L,,@, and ?, 
diminish and then rise again ; the current which gives the maximum 
efficiency coinciding almost exactly with that which gives minimum 
values to L, 0, and ¢. “ 

The methods employed in making the tests are described in 
the paper, and the formule used in working out the results are there 
demonstrated. Amongst the facts deducible from the experiments are 
the following :— 


V; D, . 
1. With constant frequency the ratios Vv and D, increase as the 
P » 
primary volts rise. 
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2. With frequency constant and primary volts constant v 
?r 





De, 
decreases and ‘Dp, increases as the secondary current increases. 
P 


3. With constant secondary current, L, decreases as the primary 
volts are increased. 

4. With small constant secondary currents the efficiency diminishes 
as the frequency increases. 

5. For large secondary currents the efficiency is approximately in- 
dependent of the frequency. 

6. Shunting the secondary with a condenser increases the efficiency.— 

“ Further contributions to Dynamometry,” by T. H. Brakesty, M.A. 

The object of Mr. Blakesley’s paper was in the first place to show 
what sort of physical quantities could be advantageously evaluated 
by using electro-dynamometers of two coils of low resistance In 
circuits conveying electric currents. The meaning of a dynamometer 
reading was explained to be the mean value of the product of two 
currents, either steady or undergoing any periodic variations with 
sufficient rapidity. In mathematical language, such an instrument 


measured 3 ‘x C; C, dt, where c; and c, were the instantaneous 
oO 

values of the currents in the two coils, including of course the com- 
mon case where these currents are identical. Any physical quantity 
whose value was such a product c; c, multiplied into something which 
was independent of the time and which therefore on integration came 
outside the integrator, was well adapted to have its mean value given 
by such instruments. Power was such a quantity, being merely 
(Current)? x resistance. The square of an E.M.F. was another such 
quantity, but he did not wish to restrict the method to such evalua- 
tions. It follows that any. quantity whose instantaneous values can 
be expressed by terms each quadratic in current, and whose other 
factor was independent of time, could have its mean value expressed 
in dynamometer readings. In addition, the particular place and 
mode of coupling of the dynamometers was indicated by the instan- 
taneous equation, as well as the factor to be applied to each reading. 
Thus the equations are made to indicate the practical arrangement to be 
adopted, and the use to be made of the observations in each case. Examples 
were given for the cases of transformers in series and parallel, and 
special applications of the method were suggested in the measurement 
of the power employed in such diverse apparatus as voltameters 
subject to direct or variable currents of any sort, welding machines, 
parallel generators, tuning-fork circuits, vacuum discharges and 
imperfect condensers. For parallel generators, the power of each 
could be separately estimated, and in the case of electric welders, the 
the power employed in the welding circuit was shown to be measurable 
without introducing any resistance whatever into that circuit. 

Mr. J. SWINBURNE said the authors’ assumption that there is no 
back or forward E.M.F. in the primary and secondary circuits of 


transformers except that due to = , Where / is the total induction in 
0 


the core, was unwarrantable, for in all real transformers there was a 
‘*drop” due to waste field, and this made the split dynamometer 
method useless. It makes the full load efficiencies too high and this, 
he thought, accounted for the extraordinary results obtained by Prof. 
Ayrton and Mr. Taylor. If a dynamometer be used at all, it should, 
he said, be used as a wattmeter, the moving coil of one turn being 
joined in series with a non-inductive resistance and put as a shunt to 
the primary. The power absorbed by the instrument itself should be 
then determined, and the power given out by the secondary measured 
by the same instrument, if the secondary be not non-inductive. Any 
errors due to self-induction in a wattmeter are, he said, equally present 
when it is called a split dynamometer, and in addition to this, the 
wattmeter as a split dynamometer precludes the possibility of 
measuring power. 

Mr. Morpey said the results obtained by Prof. Ayrton and Mr. 
Taylor confirmed experiments he had made himself by an entirely 
different method, for he found that the losses in the iron decreased 
considerably as the secondary current increased, and this gave in- 
creased efficiency. In his experiments he kept the load constant until 
the transformer attained a steady temperature, and then substituted a 
direct current for the alternating one, varying its strength until the 
same steady temperature was maintained. The power thus supplied 
is a measure of the loss in the transformer under the working condi- 
tion. A 6 kilowatt transformer tested by this method gave a loss of 
110 watts at no load, and at full load 205. Of this 205, 176 was 
accounted for by the loss in the copper coils, leaving only 29 watts as 
the iron losses at full load. Figures which he quoted from Prof. 
Ayrton and Mr. Taylor’s paper showed the same general results. 


A “ Note on Electrostatic Wattmeters,” by Mr. J. SwrnBuRNE, and 
& paper on “ Interference with Alternating Currents,” by Prof. W. E. 
Ayrton, F.R.S., and Dr. SumpNER were postponed. 








NEW PATENTS-—1891. 


3,239. “Improvements in underground conduits for conductors of 
electricity.” J. 8. Rawortu, T. O. CantunpEr, and C. E. WEBBER. 
Dated February 23rd. 

3,262. “ An improvement in conductors for electrical glow lamps.” 
E. A. Gimineuam, of the Edison and Swan United Electric Light 
Company, Ld. Dated February 23rd. 

3,265. “A new or improved process of electro painting.” H. F. 
GuanpincER. Dated February 23rd. 


3,336. “Improyements relating to welding, brazing, or otherwise 
joining metal strips, bars, rods, and the like by electricity, and to 
apparatus therefor.” H.H. Laks. (Communicated by H. Lemp and 
L. M. Schmidt, United States.) Dated February 24th. (Complete.) 

3,338. “Improvements in telegraphy.” J. A. Parker. Dated 
February 24th. (Complete.) 

3,349. “Improvements in electric welding apparatus.” M. W. 
Dewey. Dated February 24th. (Complete.) 

3,364. “ Improvements relating to the manufacture of incandescent 
electric lamps.” H.H. Laxe. (Communicated by W. E. Nickerson 
and A. Berrenberg, United States.) Dated’February 24th. (Complete.) 

3,373. “Improvements in and connected with medical batteries.” 
G. F. Wess and J. A. Crisp. Dated February 24th. 

3,383. “Improvements in dynamo-electric machines.” J. a 
Kinepon. Dated February 24th. 

3,398. “An improved electrical burglar alarm.” A. E. SPENCER. 
Dated February 25th. 

3,404. “Improvements in switches for telephone circuits.” C. H. 
Exxior and E. F. Furtapo. Dated February 25th. 

3,417. “An improved galvanic battery.” W.H.Munns. (Com- 
municated by G. A. Smith, Canada.) Dated February 25th. 

3,426. “Improvements in brushes and brush holders for electric 
machines.” H.J.Dowsmne. Dated February 25th. 

3,449. “Improvements in telephones.” P. Raspipcx. Dated 
February 25th. (Complete.) 

3,450. “Improvements in primary batteries.” W. H. Power. 
Dated February 25th. 

3,455. “Improvements in electro-magnetic percussive rock drills 
and the like.” W. A’Court G. Bmxms. Dated February 25th. 

3,495. “Non-percussive quick-break electric switch.” C. M. 
Dorman and R. A. Smiru. Dated February 26th. (Complete.) 

3,524. “Improvenients in apparatus for use in the manufacture of 
metal tubes by electro-deposition.” R.D. Sanpers. Dated February 
26th. 


3,538. “ Improvements in electrical contact apparatus and parts 
connected therewith, for automatic stop motions and analogous appli- 
cations in spinning, twisting, winding, and other machines or appa- 
ratus. J. Mackie. Dated February 27th. 

3553. “Improvements in conduit electric railways.” W. P. 
Tuompson. (Communicated by E. M. Reed, United States.) Dated 
February 27th. 

3,570. “Improvements in electro-therapeutic apparatus.” F. 
GrorGE. Dated February 27th. 

3,589. ‘“ Improvements in electric batteries.” H.H.Laxz. (Com- 
municated by W. B. H. Dowse, United States.) Dated February 
27th. (Complete.) 

3,592. “ Improvements in electric alarm apparatus.” W. WHITE- 
HEAD. Dated February 27th. 

3,609. ‘‘ Improvements in electricity meters.” E. Harrmann and 
W. Braun. Dated February 27th. (Complete.) 

3,629. “Improvement of insulators.” ©. D. Barker. Dated 
February 28th. 

3,643. “Improvements in means for holding portable electric 
lamps.” F.J. Rowan and W. McWuirrer. Dated February 28th. 

3,650. “Improvements in electric clocks.” L. Porz. Dated 
28th February. (Complete.) 

3,664. “Improvements in electrical switches.” G. BrINswaNGER. 
Dated February 28th. 

3,673. “Improvements in electric arc lamps.” A. C. SEIBOLD. 
Dated February 28th. (Complete.) ‘ 

3,675. “Improvements in apparatus for the transmission of tele- 
graphic messages by means of direct or alternate electrical currents.” 
E. Soounee. Dated February 28th. (Complete.) 

3,680. “ o—?: in electric lighting apparatus for gas 
burners. H.H. Lake. Communicated by the Aktiebolaget Gérans- 
sons Mekamska Verkstad Company, Sweden. Dated February 28th. 





ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1890. 


8,241. “Improvements in electric lamp hangers.” C. L. JErrunrs. 
Dated May 7th. 8d. The object of the invention is to support an 
electric lamp in such a manner at the outer end of a horizontal arm 
reaching from the top of a mast, placed at the edge or curbstone of a 
sidewalk, over and toward the centre of astreet, that the electric current 
can be disconnected by the operator, and the lamp drawn in toward 
the mast and lowered down the front of the mast to the hand of the 
operator, thus leaving the mast, the horizontal arm, and the wires 
carrying the electric current fixed in their original position during 
the operation of trimming the lamp, and consequently not interfering 
in any manner with the occupation or use of the street. Another 
object of the invention is to so construct the mast and arm that, 
while obtaining the necessary strength, stiffness, and durability, I 
have at the same time avoided all unnecessary weight, and by the 

uliar construction of the mast to permit of the drawing in of the 
sien without occupying any more room for ee used for such 
p than what is required for simply the mast, and the lamp 
Ttself, the hood and other connections being firmly attached to the 
arm. 9 claims, 








350 ELECTRICAL REVIEW. 


[Marcu 13, 1891. 





CORRESPONDENCE. 





Electric Transmission of Power over Long Distances. 


It is possible some of the ideas that occurred to me whilst 
listening to Mr. Kapp’s very instructive Cantor lectures may 
be of interest to your readers. 

With regard to automatic regulation of the speed of the 

motor, with constant speed of the generator, I would point 
out that the latter condition is much more difficult to attain 
than the former. Constant speed within 10 per cent. between 
empty running and full load can easily be obtained with 
series machines having curves that will not result in pulsa- 
tions of the current being set up, and the load in an ordinary 
factory does not vary very greatly except at certain stated 
times, such as intervals for meals, when the turbines must be 
regulated by hand, as most of them have no automatic regu- 
lator. For electric purposes turbine regulators are usually 
worthless, as with ordinary falls they act much too slowly to 
be serviceable. In some instances that I am aware of the 
load has been suddenly taken off, owing to the circuit being 
broken from various causes, but no damage has ever been done 
although the increase of speed is rather alarming. These 
were all cases of series machines; shunt machines would 
have burnt up very probably, even if Gramme-wound. Out of 
30 or 40 sets of plant designed by Mr. Brown, which I have 
set in action for the Maschinenfabrik Oerlikon, only two or 
three have been shunt, and these were cases of the distribu- 
tion of power where series machines could not have been 
employed. Small motors can, of course, be run in series if 
controlled by centrifugal governors, as in America, but 
where one machine is very large and others small, there are 
difficulties in the way. Series machines, besides requiring 
no resistance in series to start them, if only one is driven 
from its own turbine, spark less with a varying load than 
shunt machines. With reference to the employment by Mr. 
Dobrovolsky of a non-inductive shunt across the ends of the 
series magnet wire, I do not wish to take up your space with 
personal claims, further than to say I mounted a permanent 
non-inductive shunt on the switchboard of an installation 
belonging to a Mr. Boller, in the neighbourhood of Zurich, 
about 14 years ago, as near as I can remember, after having 
found that shunting the generator with a German silver 
resistance belonging to an arc lamp would stop the pulsations 
in the current, but that unwinding the magnet wire, so as to 
reduce the ampere turns, would not. Then as to multipolar 
dynamos and motors. Although the armature reaction is 
less in a multipolar machine than in a two-pole, when the 
dynamo has to give many volts, and these are concentrated 
in, say, a sixth of the commutator, the sections on each side 
of the neutral point have a considerable difference of tension 
between them, and a small movement of the brushes may 
cause as much sparking as a much larger movement in a two- 
pole machine. With regard to the Schaffhausen plant, I do 
-not think that Mr. Kapp mentioned the very convenient way 
employed for testing the two primary machines up to their 
full power (300 H.P. each). One machine was driven from 
the other as a motor, and the power absorbed by turning the 
water on to the backward revolving turbine. 


Leslie Miller. 





' Posthumous Scientific Honours. 


The remarks which you passed on M. Silvanus Thompson’s 
criticisms are quite sufficient and “cogent,” so I do not 
believe it is necessary for me to show by any argumentation 
that I did not play a part in a “comedy of errors” 
when bestowing upon an electrician a praise which was 
deserved by his brother, perhaps to a greater degreee. But 
in case you do not believe it is time to stop the controversy, 
I should pregume to say, to our friend, that I see really a 
great difference between a horse-shoe loadstone and a horse- 
shoe electromagnet, but not any difference of horse-shoism 
This understanding of horse-shoism is precisely the ground 
upon which is based my opposition to his claims in favour of 
Sturgeon. According to my own opinion, the invention of 
this mutual corroboration of the poles by their vicinity, is to 
be attributed exclusively to the first man who horse-shoed a 
loadstone, and not to the one who, many years. afterwards, 


horse-shoed an electromagnet, who in fact is to be con- 
sidered as being the first horse-shoer of a loadstone, and the 
creator of horse-shoe form. I suppose that it is quite 
impossible even to so careful a historian as M. Silvanus 
Thompson may be, to ascertain. I suspect that this great 
discovery was done by a series of happy chances and gradual 
approximations, the work of a real evolution, and a kind of 
scientific Darwinism. 

It must be noted, moreover, that in 1820 or 1821, Arago 
himself published an essay in Annales de Chemie et de 
Physique, where he proves by experiments that the nature of 
the poles excited in a bar of iron or steel, is determined by 
the direction of the helix, and can be varied at will with the 
same current. 

Consequently every element for the construction of the first 
horse-shoe electromagnet was ready before 1829, and Mr. 
Sturgeon had nothing to invent, for using these facts for his 
purpose in case he has not been anticipated. 

But in the meanwhile I should be quite sorry if an impres- 
sion was created upon the minds of your readers that | am 
denying any merit to Sturgeon. This active and independent 
editor of the first electrical paper ever published, was the first 
scientist able to understand fully the possibility of creating 
an immense force of mechanical energy with the newly 
discovered apparatus. He saw a great and startling fact 
which had escaped the notice of Ampere and Arago. Con- 
sequently he deserves unquestionably to be ranked amongst 
those “ celebrated ” workers in electricity, who from the time 
of James I., upto the present year of the Victorian era, raised 
your land so far above any other in the annals of the all- 
important science, won for themselves the admiration of the 
world, and rendered the knowledge of Shakespearian idiom 
almost an obligation to any followers of Faraday and Sir 
William Thomson’s researches or investigations. 


W. de Fonyielle. 
Paris, March 9th, 1891. 





I annex below a copy of a letter I have written to-day to the 
members of the Council of the Institution of Electrical Engi- 
neers, and I shall feel obliged if you will allow it to appear 
in your next issue, in order that it may come under the 
notice of the members of the Electrical Institute generally. 


S. Alfred Varley. 
March 9th, 1891. 





[copy] 
To the Members of the Council of the Society of Electrical Engineers. 


Gentlemen,—I beg to call your attention to a letter which appeared 
in the last issue of the Execrricaa Review, signed Silvanus 
Thompson, and headed, “ A Silly Joke.” 

Dr. Thompson is quite welcome to abuse me as much as he pleases, 
I am quite capable of taking care of myself, but M. de Fonvielle is 
necessarily not so favourably circumstanced for doing so. 

I feelsure the Council will be of opinion that M. de Fonvielle, 
writing to an English journal in a language which is not his native 
tongue, has a right to be protected from being held up to ridicule by 
a physicist who not only isa member of the Council of Electrical 
Engineers, but who also holds a professorial chair. 

I enclose cuttings from the Exxectrican Review containing the 
letter of M, de Fonvielle, and also that headed, “A Silly Joke,” 
signed Silvanus Thompson. Together with the cuttings I enclose a 
reprint of an article written by myself, and I would direct attention 
to the extract from the Philosophical Magazine of January, 1821, 
which will be found on page 2. 

The extract referred to will, I think, be considered to demonstrate 
that the main contention of M. de Fonvielle is perfectly sound. 

The object I have in writing this letter will be accomplished by its 
simple acknowledgment. 

I am, Gentlemen, yours obediently, 
S. ALFRED VARLEY. 


Who was the First to Make an Electro-Magnet ? 


In “Noad’s Electricity” there is described a compound 
horseshoe magnet, constructed by Barlow, one of the earliest 
English workers in the field of electro-magnetic research. 


_ The magnet was composed of nine 6-inch horseshoe magnets, 


made of steel bars bent into the horseshoe form. The 
weight this magnet was capable of lifting was 40 lbs. But 
it is stated that Barlow found “a greater proportionate 
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power could be obtained by using bars that were long in com- 
parison with their breadth.” The date when this magnet 
was constructed is not given, but a horseshoe magnet was 
used in connection with the star-wheel motor, described 
in the Phil. Mag. of March, 1822, as will be seen by 
a reference to the engraving accompanying Barlow’s descrip- 
tion. Permanent steel horseshoe magnets were, threfore, 
certainly in existence in 1822, and probably very much 
earlier. 

The extract which I gave from Mr. Hatchett’s communi- 
cation in the January number of the Philosophical Magazine 
of 1821, headed “ Electro-magnetic Experiments of Oersted 
and Ampére,” clearly demonstrates that before January, 
1821, Arago had not only magnetised iron by placing it in 
the interior of a helix forming part of a voltaic circuit, but 
that he had at that period also demonstrated that the mag- 
netism developed was directly as the quantity of the 
— current flowing through the convolutions of the 

elix. 

Now, as horseshoe magnets existed certainly early in 1822, 
and bar electro-magnets were produced before 1821, M. De 
Fonvielle very fairly contends that the making a horseshoe 
electro-magnet in 1825 by Mr. Sturgeon does not entitle him 
to be considered the first to have made electro-magnets, as is 
more than suggested in the Cantor Lectures delivered by 
Dr. Silvanus Thompson. 

I pointed out in my article on “ Posthumous Scientific 
Honours ” that Mr. Sturgeon’s letter of 1825, to the Secre- 
tary of the oo of Arts, was accompanied by three certi- 
ficates, signed by Profs. Christie and Gregory and also Mr. 
Barlow. The certificates of Christie and Gregory are some- 
what lengthy, and describe the special features and claims to 
novelty urged on behalf of Mr. Sturgeon. Mr. Barlow’s 
certificate is a short one; he simply says he has read the 
certificates of Christie and Gregory, and fully endorses what 
is there stated. 

Now, neither in the certificates nor in Mr. Sturgeon’s 
letter is there any reference whatever to the horseshoe electro- 
magnet which formed part of Sturgeon’s apparatus, and this 
goes to demonstrate that neither Sturgeon himself nor Messrs. 
Barlow, Gregory and Christie considered that the horseshoe 
electro-magnet, forming part of the apparatus rewarded by 
the Society of Arts, was a new scientific discovery. 

Sturgeon, as an original and also as an industrious scientific 
worker, is entitled to every credit for what he did. At the 
same time, there is no necessity to credit him for what was 
really done previously by Ampére and Arago. 

To Ampére, Arago, and Sturgeon it can now be a matter 
of no importance to whom the credit of the discovery of the 
electro-magnet be given; but it is of some importance to 
France herself that the distinguished men she claims as her 
sons should not be deprived of the scientific credit which is 
fairly their due. 

S. Alfred Varley. 

March 9th, 1891. 





Cantor Lectures. 


I have read with considerable interest Mr. King’s letter in 
your number of March 6th. If Mr. King had thought fora 
moment he would not have imagined that I could have had 
any hand in the writing of the article, the tone of which he 
complains of. Asa matter of fact the statements about the 
Vienna installation, which make Mr. King attribute the 
authorship to me, astonished me not a little, and even if I 
had not seen Mr, King’s letter, I should have asked for further 
information on my own behalf. It is now some years since 
I have had anything to do with the working at Vienna, 
During the first few months of working the difficulty men- 
tioned in your article of charging the four batteries in series 
and simultaneously taking current at different rates from 
each of them, had been noticed, and had been satisfactorily 
dealt with by alterations in the switchboard, and I heard from 
the engineers in charge that the efficiency of the whole 
system was considerably over 80 per cent. I do not know 
whether later experience confirms this, but at any rate I am 
quite certain that I could again carry out the Vienna system 
combined with accumulators, and obtain a high efficiency, pro- 
vided that at times of maximum demand at least two-thirds 


of the current comes direct from the dynamos, and only 
one-third is taken from the accumulators. It is on this point 
that I join issue with Mr. King and those working with him. 
I have always admired the extreme ingenuity of the system 
employed at Chelsea, but I have felt that far too large a 
portion of the current passes through the accumulators to 
enable a fair efficiency to be arrived at. Further than this, 
that the large proportion of accumulator plant that is 
necessary renders the system. very costly to put down and 
maintain. 

I fully agree with the remarks in Mr. King’s last para- 
graph but one, to the effect. that the addition of storage plant 
can reduce both the coal and wages bill, but it must be so 
employed that the saving under these heads must not be 
over-balanced by the expenditure under the other head of 
increased cost of upkeep. 

My own experience and calculations show me that the best 
economical advantages are obtained when the storage plant 
is only of sufficient capacity to supply a fifth part of the total 
24 hours output of a long December day and night. Such a 
proportion is, I believe, less than a fourth of that contem- 
plated by Mr. King even when he employs direct current 
transformers as an adjunct. 

R, E. Crompton. 

March 10th, 1891. 


[The mention on p. 309 of last issue of Mr. Crompton’s 
name in connection with the subject was a passing allusion 
of our own, to what might possibly be running in Mr. King’s 
mind and for which he was not in any way responsible.— 


Eps. Exec. Rev. ] 





In his letter appearing in your last issue, Mr. Frazer states 
the life of E.P.S. secondary batteries on tramcars to be 10 
months, or 300 discharges. Asa matter of fact, the life of 
the ordinary positive traction type plates is about 400 dis- 
charges more or less, according to the degree of care in 
handling. The life of the negative plates is for effective 
work about 750 discharges, but I have not up to the present 
time seen a plate which has actually broken down from fair 
wear and tear. When in February, 1890, the positives of 
the first set of batteries at Barking Road required renewal, 
it was decided by the Traction Company to renew both posi- 
tive and negative plates, but it was afterwards evident upon 
inspection of old plates sent in that the majority of the 
negatives would have certainly run for another year. 

The experience of the past year from February, 1889, to 
February, 1890, has proved that the maintenance rate for 
E.P.S. batteries on the Barking Road line, with all the 
manifest disadvantages of a small installation, has not ex- 
ceeded one penny per car mile, and this with batteries of the 
old traction type. 

Crucial experiments have now satisfied me that the posi- 
tives of the “ K ” type traction plates will endure in actual 
work from 800 to 1,000 discharges, and that the maintenance 
of batteries will hereafter be fully covered by two-thirds of a 
yenny per car mile. 

, -™ Frank King. 


“ Government Electric Pinnaces.”’ 


Advertisements appear in this morning’s daily papers 
announcing the “ launch of the first Government pinnace, at 
Chiswick, 1°30 p.m.” We must guess whether the makers of 
this pinnace intend to convey the impression that the 
Government officials had long neglected to inform themselves 
of the progress of electric propulsion, or whether the said 
boat builders regard the launching of an electric pinnace as 
an historical event. Since the successful trial trips of the launch 
Electricity, in 1882, on the Thames, and the equally suc- 
cessful voyages of the Volta, from London to Calais and 
back, in September, 1886, quite a number of electric boats 
have been constructed on precisely the same lines, and they 
have been brought under the notice of the British Govern- 
ment from time to time. Those who have taken an interest 
in the discussions of papers on electric launches, read at the 
British Association, the Society of Arts, and the Institution 
of Naval Architects, will recollect that members of the Royal 
Navy were frequently to the front with substantial praise, 
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strongly recommending this novel mode of propulsion for 
special purposes. 

PiThe Nagle Commissioners of the Admiralty, however, 
were rather slow in adopting the recommendations of admirals 
and naval constructors, and as late as February, 1885, in a 
reply to the petition of a commander who wanted an electric 
boat, included the following comments : “ That it is not advis- 
able to make the trial until further progress has been made by 
private companies, and until greater power is obtained than 
at present, with the same or less weights than are required 
for steam power.” In July of the same year, notwithstand- 
ing the above decision, I received an order from the Lords 
Commissioners of the Admiralty for the supply of an electric 
launch, motor and accessories. This was subsequently used 
by Commander ©. Robinson, R.N., of H.M.S. Vernon, for 
the propulsion of a 22 feet pinnace at Portsmouth. The 
equipment comprised a 2 H.P. motor, a 14-inch forged steel 
screw, shafting, switches, and 48 accumulators. Commander 
Robinson’s series of experiments with this boat did not reveal 
any advantages as regards speed over steamboats, and the 

uestion of electric propulsion was shelved by the Navy for 
the time being. In the following year the Italian Govern- 
ment ordered an electric launch 37 feet long, of 6 feet 4 
inches beam, steel hull, to give a speed of not less than 7} 
statute miles per hour for 5 hours’ continuous run, This 
launch was constructed by Messrs. Yarrow & Co., and I 
supplied the electrical equipment. During the official trial 
trip “ over the measured mile ” below Gravesend, the contract 
speed was exceeded by nearly half a mile per hour, to the 
complete satisfaction of all concerned. The weight of exist- 
ing accumulators precludes successful competition against 
first-rate steam launches, as far as speed is concerned, and in 
this respect no improvements whatever have been made since 

1882, but the electric boat has several well known advantages 
which ought to make it valuable in special naval services such 
as have been instituted by the Italian Government, viz., the 
laying and removal of torpedoes in harbour and coast 
defences. 

A. Reckenzaun. 


Mr. Varley’s Blunder and his Way out of it. 


It is all very well of Mr. Varley, after having been found 
out in his blunder, and after having tried to wriggle out of 
it by slandering the late Prof. Fleming Jenkin, to assume the 
air of injured innocence, and declare he will not henceforth 
notice anything that I may write. As for his nonsense about 
his 1866 machine being the first self-exciting dynamo con- 
structed, what on earth has that, or my refusal to admit into 
the rank of established facts a claim that stands solely upon 
Mr. Varley’s own assertions, to do with his present blunder 
or his insinuations against Prof. Jenkin? In vain does he 
trail this very ancient red herring across the track. He 
neither admits his blunder nor repents of his slander, which 
is quite a sufficient excuse why I should no longer waste a 
single word more on either him or his truly self-exciting pre- 
tensions. 

Silvanus P. Thompson. 

March 10th, 1891. 


[ Mr. Varley can doubtless hold his own with Dr. Thomp- 
son, but we cannot refrain from pointing out that the latter 
is decidedly wrong in asserting that his 1866 machine being 
the first self-exciting dynamo constructed “is a claim that 
stands solely upon Mr. Varley’s own assertions.” It is proved 
by the patent, and is proved, moreover, by the existence and 
known history of the machine, which is in working order in 
the Patent Museum at South Kensington.—Ebs. Enxc. Rev. ] 


History of Electro-magnets. 


It appears to me that all impartial readers of Dr. Silvanus 
P. Thompson’s criticism (p. 319) of M. W. de Fonvielle’s 
letter on the above subject will consider that the learned Dr. 
has been needlessly severe. 

There seems to be no doubt that Arago magnetised soft 
iron bars by placing them inside a metallic helix forming 
or of a galvanic circuit in the year 1820, or at all events 

fore January, 1821. 


Permanent steel horseshoe magnets were also well known 
before the year 1825, and M. de Fonvielle’s contention is clear 
and reasonable enough, viz., that the mere making of an 
electro-magnet in the form of a horseshoe, as Mr. Sturgeon 
did in 1825, thus imitating the shape of the previously well- 
known permanent steel magnets, does not entitle him to rank 
as the discoverer of electro-magnets. 

Geo. Driver. 


March 9th, 1891. 





A Difficulty. 


I should be extremely obliged if you could enlighten me 
with regard to the following difficulty. I do not propound 
it as a paradox or as a trap, but honestly desire information. 

The drawing given is a rough but fairly accurate copy of 
“ Fig. 69,” page 107, of Prof. 8. P. Thompson’s “ Dynamo 
Electric Machinery” (third edition, 1888). It is intended 
to illustrate eddy currents. Now, my difficulty is this :—I 





have always understood that for a current to flow, a differ- 
ence of potential was necessary ; and in endeavouring to 
apply that rule to the case in point, I was somewhat staggered 
to find that if there were any difference of potential between 
the points indicated by arrows, the current flowed in a very 
curious manner. Let us suppose that the potential at one 
point be 10; then it must lower at the next succeeding 

int, and so on (see cut). What I want to know is this: 
Why doesn’t the current flow direct from 10 to 6 ? 

** Potential.” 
March 6th, 1891. 


In the first place, our correspondent is wrong in saying a 
P.D. is necessary for a current ; all we want is an E.M.F. 
The following may be the best way of placing the matter. 
Let P and Q be twoclosed circuits, and let the magnet, ” 8, 





be moving in the direction of arrow. Then the lines through P 
will first increase and then decrease, causing first a current 
in one direction and then the other ; similarly for g. If,now, 
we suppose a large number of such rings, we finally get to 
the case considered.—Eps. ELrc. Rev. 





J. MacponaLp.—You are quite correct. The conditions 
of correspondence will apply equally to the person who com- 
mences a controversy and the one who replies.—[ Eps. E1.xc. 
Rev. } 
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